
C R V r a g  

tlARZgl: 

PIOUf*CID 

SEtbERf 

VAL- 

Thc Spinning Art i f i c ia l  Gravi ty  Environment 
X des ign  p r o j e c t  f o r  the:  

United S t a t e s  h’aval lcademy 
Aerospace Ehgineer iug Dept. 

27 A p r i l  1987 

by: Robert  P igna taro ,  Team Leader 
Jeff Crymes - -  
Tom Marzec 
Joe S e i b e r t  
Gary Walker 
Midshipmen o f  t h e  Class o f  1987 

(bASA-CE- 184757) TEiE 5 F I b i Y l A C  & t i ’ l l F X C I A L  B09-1€5 15 
66AVIIP EIVIBCPEEL!I:  A CESlCbl  ElFCJICT 
(Java1 Academy) 15s 5 CSCL 22b Uaclar 

63/18 o i e s 6 6 a  



ORlolNAL PAGE IS 
OF POORQUALnV 

Abstract 

The SAGE, or Spinning Artificial Gravity Environment, 

design was carr ied out to develop an arti+icial gravity space 
station which could be used as a platforn; f o r  the performance 
of medical research t o  determine the bene+its of  various, frac- 
tional gravily levels for astronauts normaily subject to zero 
gravity. DeEirable both for  its medical research mission and a 
mission +or the study of closed loop life-support and other fac -  
tors in prolrrnged space flight, SAGE was designed as a low Ear th  
orbitting, szlar powered, manned space station. 
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1 .1  WHY DO WB WEBL SAGE 

The answer to this question is manyfold and can perhaps 

best be summarized by referring to Pionaerins the Space 

Frontier, thc report of the National Commission on Sp?.ze. The 

report says ttrat questions concerning the effects of variable 

gravity on hum:ns need to be answered, specifically; 

"In the lmger term, more complex questions must be answered. 

What gravity level is needed to prevent the deleterious effects 

of less than Sarth sravity? We suspect that the answer will 

turn out to be much less than Ig, but experiments are needed to 

establish how n c h  less. If one-sixth gravity is adequate, then 

long term habit3tion on the Moon will be Sracticable; if one 

third gravity is adequate, then humans can inhabit the surface 

of Mars. What are the effects of return cram low g to Earth 
gravity? Experiments to settle these questions will have to be 

carried out oTer long periods of time." 

"For this worh a variable gravity research facility is 

required. In addition to physiological studies, the Variable-g 

Research Facility should support basic research on the effects 

of low gravity in many scientific disciplines. Thus it will be 

available for st2dies of physics, chemistry, and biology in 

space. This facia.ity will also be needed for long term testing 

of the synthetic biospheres that will support 1 -'rages to Mars 
1- 1 
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and on the surfaces of the Moon and Mars " 

The cornmissLon also susgests guidelines for the construction of 

a variable-g research facility; 

"The Variabie-g Research Facility, like other space 

facilities, shoald be built using standki-d modules and 

previously developed utility subsystems. The facility must 

establish grwity level requirements in time to contribute to 

the definitior: and design of the orbital spaceports for the 

Moon, Mars, ljoration points, and the design of cycling 

spaceships for the Mars run." 

In specific the Commission recommends: "Early availability of a 

dedicated Variable-g Research Facility in Earth orbit to 

establish desiqn parameters for future long-duration space 

ni ssion Pac i 1 it ies. " 

The excerpts above from the report of the National Commission 

on Space contein the basic reasons for the conczption and 

design of SAGE. 

1 . 2  OVBRVIHW OF SAGE 

SAGE is the acronym for Spinning Artificial Gravity 

Environment. It is designed to provide a shirt-sleeve 

environment for comfortable habitation. Ail areas will be 

conditioned and pressurized for comfort. 
1- 2 



The facility will be used for variaJle-g research on human 

health and for maintenance of human health in space :or personell 

assigned tc Tissions of long duration. The facility will be able '9 

provide a bro d data base. obtained over a period of years. which will 

be extremely valuable for determining the feasability and requirements 

of future long duration space nissions. Cpecifically, SAGE wiil h e l p  

researchers to determine the minimum gravitational rf-quirements versus 

the period r,f time spent in space as a general characteristic of 

extended miusioa duration. The development of such characteristic data 

would be very valuable in planning missions which are now being 

thought of. For instance, the long term effects of life at a lunar 

colony, or the raced for artifical gravity on a manned mission to Mars, 

may be predict.ed much more accurately after data obtained from SAGE is 

analyzed. A such more thorough discussion of the medical benefits to 

be derived frob SAGE follows in section 9. In addition to medical care 

and research Pzsilities, SAGE will be equipped with data reception 

equipment which vi11 allow data from other space based research 

systems to be brcusht on board and analyzed by crew members during 

their stay at the station. This capability will allow the personnel 

assigned to SAGE to continue productive research on board the station. 

In order to fa:!litate this research, SAGE will be equipped with on 

board computer systems for use in data analysis, limited programming, 

and computation. 

The station will be of modular construction with each 

module sized to fit securely in the space shuttle cargo bay, 

thereby making *.ransportation needs during the station construction 

closely conform L? the capability of the U . S .  ogram. There are 
1- 3 



to be four sodules, comprising the habitation, research, and work 

spaces for c1.e station. Each module will be connected to it’s adjacent 

modules by rclatively small two force members (trusses) to prevep.”, 

excessive oscillations and to distribute the shear forces on the 

crosspieces evenly. The modules will be 1 4 . 6  foot diameter 

cylinders 44.5 feet long and of aluminum donstruction. The 3/16 

inch pressure shell will be covered by Mylar and Kev1T.f 

insulation, aqd will be protected by a meteroid shield. The 

internal framework housing the equipment racks will provide 

additional support and will also help dicjtribute the axial 

forces and moments evenly. The modules a r e  to be connected to a 

central hub sodule of the same type of construction and size. 

The seventy five inch diameter cross pieces will be constructed from 

two 39 foot 1 a2proximately 44 ft. with connectors) sections. 

Their construd+.ion will be similar to that of the modules, and 

each cross pieLe will house all fluid, g a s ,  electrical, and 

other necessary connections from that module to the central 

hub. Externaliy, each cross piece will sdpport a solar cell 

array forty feet long. A docking adapter will also be connected 

to the centra! hub module and equipped with a de-spin system to 
allow dockinq vith the station without de-spinning the station 

itself, Althouq it is improbable that the Space Shuttle will 

be allowed to d6sk with the station in thi3 nianner until the 

technology is proven over a long period of time. A basic drawing of 

the SAGE station is presented in figures 1.2-1 through 1.2-4. It is 

estimated that approximately nine shuttle launches will be necessary 

to loft all ansemoly equipment and parts of SAGE into orbit. In order 

for SAGE to be a:sembled in orbit, extra vehicu .ity as well as 
1- 4 
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Figure 1.2-1 Basic side view of SAGE before additions. 



Figure 1.2-2 Top view o f  SAGE 



Figure 1.2-3 Eesic three dimension view 3f SAGE 
(without additions or solar 

dynamic arrays) 



Figure 1*2-4 The basic SAGE configuration. 



operations using the shuttle remote manipulator arm will be required. 

For these rea:ons the solar panels will be included in one of the 

earliest iaunches in order to supply power during the 

construction phase. The parts of SAGE will be designed in an 

almost prefabricated manner to facilitate on orbit 

constructioc. 

SAGE will be equipped with living quarters for eight 

people, each with their own room equipped with a rack, a 

closet, and a pxsonal workspace. The living quarters will be 

divided into two habitation modules. Each 05 the two habitation 

modules will contain personal quarters for four people alonq 

with a shower and a toilet. The station will also be equipped 

with hygeine fscilities designed to function in zero gravity in 

case of acciden'-.al de-spin. Limited but &equate lounge 

facilities will also be included in the habitation modules. Module 

layout will be discussed more 'choroughly ir, section 2 .  

The SAGE 2nwer system is designed to provide power to the 

station contincously throuhgout the sixteen eciipses of 

approximately tnirty-six minutes each every day. SAGE will be 

powered by two solar dynamic converters attached to opposing 

modules of the station. The solar dynamics, later described in more 

detail in section 3 ,  will provide approximately 5 0  KW each of 

power to the the station. SAGE will also have photovoltaic (solar 

cell) collectoip mounted externally which will provide approximately 

2SKW of power eich. In case of emergency SAGE is to be equipped with 

batteries which will provide power. In determir type of power 
1- 5 
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system to use on ehe station, both photovoltaic and solar dynamic 

systems were considered. The primary advantages of photovoltaic 

systems cons,dered were the existing manufacturing technology and 

fabrication iLdustry and the body of performance data resultinq in 

high reliabili5y and low cost for such systems. The disadvantages of 

photovoltaic systems include law efficiencies of eleven to sixteen 

percent, large array size (20,000 square feet to generdte 75 KW) which 

introduces atmospheric drag problems, and susceptibility to thermal 

cycling effec-..s. The solar dynamic system has the disadvantage of 

being an as ye+. unproven concept which wxld result in large research 

and development costs. Despite this disrdvantage, solar dynamics have 

been considered for use on board Space Station. Solar' dynamics does, 

however, have it's advantages, which made it worthy of serious 

consideraticn and eventual incorporation into the SAGE design. These 

advantages include higher efficiencies of eighteen to thirty percent, 

an array size une third that of photovoltaic systems providing equal 

power, and reducing atmospheric drag considerably, along with the 

possibility of thermal energy storage. TRd and Rocketdyne are 

presently evaluating the solar dynamic system and are ths source of 

most of the s;lar dynamic data used in designing SAGE power systems 

and presented within this technical report. A basic view of what the 

solar dynamic airays to be used on SAGE look like is presented in 

figure 1.2-5.  The power distribution system on SAGE is designed to be 

fully compatibie with the Space Station prwiding 400 Hz, 2081220  v ,  

three phase power. The primary generators of the solar dynamics use a 

turbine driver, alternator while the backup/emergency generator uses a 

DC to AC converter. The weiqht and cost of all power generation 

systems on SAGE s greatly reduced by the sun pc &titude of the 
1- 6 



station wh'ch dill be discussed in greater detail in section 6. 

Passive thermal control will be used on board SAGE to 

reflect heat, and an active one-phase H 7 0  system will carry 

waste heat to the dark side of the station for rejection into 

space. The solar pointing side of the station will be painted 

with white ?airt having an absorbtivity of 0 . 0 4 - 0 . 0 5  and part 

of the dark side will bve painted with black paint; having an 

emissivity of C.90 or higher. In the event of a loss of 

pointing abilit:', heat pipes or the M2O system would be used to 

transmit excess heat to the solar dynamics or to the H20 

storage tanks throughout the casualty. 

Electrical resistojets along with gaseous H2/02 thrusters 

will provide the total attitude control, spin-up, spin-down, and orbit 

maintenance capability. Three axis contra1 will be provided by 

redundant, vai-iable thrust resistojets locaced at the maximum 

radius for control, found on the outer sides of the modules. 

Attitude will oe determined by digital N-slit sun sensors, 

horizon smsors, and use of Global Positioning System (GPS). 

Atmospheric drag makeup will be continuously provided using 

waste gases produced from the life support system. Storage will 

be provided for spin-up, spin-down needs arid orbit reboost 

based on 180 day resupply missions of thc Shuttle. If 

necessary, H a 0  zan be electrolyzed to provide fuel for emergency 

purposes or any anplanned rendezvous with Space Station. The phase 

angle can easily 3e adjusted for a rendezvws with Space Station, and 

orbit decay to 200 nautical miles will be a l l 0  -esupply from 
1- 7 
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For co.nmvnications, which will be covered in greater detail 

in section 4 ,  SAGE will be outfitted with a space to spsce and a space 

to ground comnunications system. Two UHF transmitters for voice 

communicaticns to Space Station and one long range transmitter will 

accomplish these functions. A backup transmitter conrxted to the 

emergency Fewer supply system will also be on boar3 in case,of major 

failure of the primary long range communication system. Two 

multichannel .:atellite receivers for Earth based news and television 

broadcasts, a3 well as electronic mail reception will be 

included on boa:d. Internally, SAGE will be equipped with an 

intercom system, as well as multiple color monitors and cameras 

for experirnert monitoring and internal communications with 

visual as weil as sound capability. Also, SAGE will be cabable 

of using the GUS system for orbital tracking and determination. 

1 . 3  MAJOR DESIGN CONSIDERATIONS 

The major consideration in desiqning SAG2 was the human 

factor. Humar, beings are subjected to unusual conditions in 

ordinary spaceflight, but to try and simulate the Earth’s 

gravity further complicates the matter greatly. The radius and 

r a t e  of rotation of the station have great influence on the 

human factors. I f  a good approximation to linear gravity is to be 

achieved, a longer radius is desired. In the early conceptual design 

stages of SAGE. the human factors as well as the cost, structural 

considerations, and ease of construction were c a in developing 
1- 8 



the ultimate .onfiguration pictured in fiqurc. 1.2-4. 

Unfortunately, artificial gravity gellitrated by rotation 

involves a number of undesirable phenoi,ena (Dole, 1960; Faget 

and Olling, 1S67; Loret, 1961). Because of the unusual forces 

operating in such an environment, astronauts may anticipate 

considerable C egree of locomotor difficulty, spatial 

disorientation, and perhaps motion sicknoss. The der;ree to 

which these zdverse effects will be experienced varies greatly with 

the radius, angular velocity, and gravi:y level.(Ramsey 1971) Because 

the artifici2l gravity vector ‘at any point in a rotating space station 

i3 radial, Jt wcs decided early in the design of SAGE to have an 

effective radiiis of the same length in all workinq and living spaces 

on board the station. A normal perceptual-notor adaptation, for 

example, might w d l l  be highly radius specific so that an astronaut 

completely adapted to rotation at a radius of 3 3  ft. might be unable 

to perPorm well at 16 ft., where different responses are appropriate 

because of changes in radius and gravity level.(Ramsey 1971) For this 

reason the idea of a ”tomato can” type design originated. In this type 

of design the lor-g axis of each module is parallel to the axis about 

which t h e  station s p i n s .  This design prevents the problem of having a 

gravity gradient on any of the walking surfaces of the modules. 

In order tcl relate all of the factors being considered 

together in a Xnrfied way, the graph of figure 1 . 3 - 1  was 

constructed. The praph relates the radius, rotational speed, 

and gravity created in a series of curves. The initial 

capability desired for SAGE was from 0- .5 Gs. TF -1s was 
1- 9 
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desired to be minimal to reduce costs, construction difficulty, 

and number cf launches necessary to liit the station. It was 

also noted t h a t  a longer radius, while providing many benefits 

such as more .inear gravity and a lower rotational speed. would 

also create a more difficult transition hctween modules for 

crew members. The rotational speed of the station was desired 

to be minimal in order to reduce disorientation ofd CYSW 

cembers due to Coriolis effects. From Soviet studies of the 

rotating en-Jironment, two parameters have been determined. The 

maximum rate O F  rotation has been determined as 6 RPM and the 

minimum level cf gravity to prevent atrophic muscular alterations has 

been determinod as . 3  Gs. Combining all 05 these parameters, the 

radius of SAGE was determined to be ninpty five feet providing an 

effective grcvity of 0 to . S  Gs at 0 to 4 rotations per minute . 

1 . 4  ORBITAL PARA3HThRS 

SAGE is to bc placed into an orbit that, will shadow the Space 

Station to allow ease of transport between the two stations. This 

close orbital relationship could prove very worthwhile if a major 

problem should dccur at either SAGE or Space station. While transport 

and exchafige of personel between the two stations will be kept at a 

minimum, so as act to disturb the experimeutation routine on board 

SAGE or cause the necessary de-spin if the Space Shuttle is involved, 

the ease with which dsta may be exchanged becween the two facilities 

will contribute greatly to making the close orbital proximity 

worthwhile. A Lasic orbital sketch and ground track of the SAGE orbit 

is shown in fiquie 1 . 4 - 1  while the orbit itself 
1 - 1 t:) 
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characteristics is discussed in more detail in section 6. 
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a=5 7 8 6Km 

e=O.O (effectively) 

i=28.5 

j=l88 des 

w = o .  00 
M=90.00 deg 

30 60 90 i 20 150 180 210 240 270 300 330 

Figur? 1.4-1  SAGE Orbit and parameters 
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The environmental control and life support system (ECLSS) 

on SAGE is designed with a focus on crzating and maintainin? 

a safe and comfortable environment coneucive to high crew 

productivity. Due to the extended ;?eriods of time to be spent 

on station, t?e ECLSS incorporates closed loop, regenerative 

processes to &educe on board storage. T h e  ECLSS will be 

responsible for many functions. It will mriitor atmosr,2ric 

composition at all times and generate C z  and reduce C O a .  The 

ECLSS will use circulation fans and heat exchangers for 

humidity copf.rol. Potable water will be recovered from the 

humidity contzol an C02 reduction processes. Before 

consumption -LIS water will be treated with a multifiltration 

device. Water ior use in personal hygeine (not to include 

potable water) will be recovered from w?sn water, wasted 

potable watsr, dishwasher, shower, and ,sundry water as we1 as 

from the uriiz recovery system. Hunan wastes will be 

collected, treated, and stored, until they can be taken from 

the station anc disposed of. A fire detection and supression 

system will a l s o  be operational on board SAGE. As suggested in 

the report of the National Commission on Sgace and stated 

previously, SAGE will incorporate previo-isly developed systems 

using existicq technoloccy for life support and these systems 

will be almost iCentica1 to those on board Space Station. 

ORlGiNAL PAGE 1s 
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- 2 . 0  SAGE Structural Design 

With the NASA Space Station technology well at hand, SAGE will use 

this existing ha*civJare, but will modify specific aspects due to 

mission requirermcts. This will greatly decrease the as.cdmbly cost, 

and ensure reliabi-ity. Modifications due to operational 

experience, will fu-ther increase safety. Tho main structural 

members include the HAB and LAB modules,-the Core Module(CM), the 

Logistics module(LOG), the four crosspiecesiXP), resupply nodes, 

airlock, despin inftchanism, berthing mechanism, Mobile Ssrvice 

Csnter(MSC), and truss structure. A mass summary is contained in 

table 2.0-1. 

2.1 HAB/LAB module? 

These four modules form the working and living compartments of SAGE. 

The dimensions are giyren in figure 2 . 2 - 1 .  Taken apart, these 

modules begin with fxar cylindrical shells -188 in thick, welded 

together and reinforcud by three main hoops(see figure 2 . 1 - 2 ) .  

Their inside diameter is 166 in, and the presswe shell is 

fabricated from a 2219 aluminum alloy. One end is capped off by a 

closed, slightly rounded dome, while the okher end has a berthing 

mechanism. This is a standard berthing mechanism with common 

utility interconnects and a standard 50 in hatch. Internally, a 

truss network exists to support the instrument racks - qyread 

the spin loads evenly. This internal truss netvork o the 

three main rings which also form the STS keel and sic ment 
2-1 



Item X( in) Y(in; Z(in) mass( lbm) 

Habl 
Hab2 
Lab1 
Lab2 
CH 
Node L1 
Node L2 
Node H1 
Node 82 
LOG 
Despin mechanism 
Solar Dynamics H1 
Solar Dynamics H2 
Crosspiece HI 
Crosspiece a2 
Crosspiece Ll 
Crosspiece L2 
Reaction Control System HI 
RCS H2 
RCS L1 
RCS L2 
M C ( m a i n )  €41 
MSC(secondary) H2 
Msc L1 
Manual Service Centel- L2 
Photovoltaic H1 
PV 02 
PV L1 
PV L2 
T r u s s  H1-L1 
T r u s s  Ll-E2 
T r u s s  82-LZ 
T r u s s  L2-E31 

-1036 
1036 
0 
0 
0 
0 
0 
-1036 
1036 
0 
0 
-1036 
1036 
-570 
570 
0 
0 
-1155 
1155 
0 
0 
-570 
570 
0 
0 
-305 
30 5 
0 
0 
-570 
570 
570 

-570 

0 
0 

1036 I 

0 
-1036 
1036 
0 
0 
0 
0 
0 
0 
0 
0 
-570 
570 
0 
0 
-1155 
1155 
0 
0 
-570 
570 
0 
0 
-305 
30 5 
-570 
-570 
570 
570 

-103f 

8 
8 
62 
62 
-70 
-280 
-280 
-334 
-334 
-470 
-340 
13U 
130 
0 
0 
0 
0 
0 
0 
0 
0 
-70 
-70 
-70 
-- 70 
50 
50 
50 
50 
0 
0 
0 
0 

42000 
42000 
36000 
36000 
32000 
aooo 
aooo 
aooo 
aooo 
24000 
4000 
6264 
6264 
21000 
21000 
21000 
21000 
3000 
3000 
3000 
3000 
3500 
3000 
1500 
1500 
2505 
2505 
2505 
2505 
500 
500 
500 
500 

378048 lbm 
I z z = 5 . ? ~ 1 0 ^ 7  Iyy=3.35x10A7 1~~=2.75~10^7 slug-ft"2 

Table 2.0-1 
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ubsystem Monitoring 
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Module Services Interface Plate (Typ) 
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Hatch W/Viewport 
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Viewport Cutout 

Radiator and Thermal 
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Pressure Vessel Concept 

Figure 2.1-3 

Courtesy of McDomell Douglas Cow. 
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fittings. A series of additional rings supp9rts the pressure shell, 

and  longitudinal stiffeners connect the individual rings. 

Multi-layer instilation, and mylar/kevlar meteoroid shielding are 

formed over the surface of this pressure shell. Finally, t .hJ . 0 2  in 

6061-T6 aluminum .iicro-meteoroid shields cover the outside of t h e  

insulation(see figure 2.1-4). These shields are spaced 1 in apart, 

and are formed in separate sections for ease of replacePbility. EVA 

handholds will exist on these modules. 

At the point where the crosspieces pierce the pressure shell, a 

hatch exists to mbintain module integrity in case of a cross piece 

failure. The exterlsion of the XP extends to the floor of the module 

in order to distribxte the spin loads to the internal instrument 

framework. This area is also stiffened to ensure fatigue failures 

do not occur in the 30 year lifetime. 

The .188 in pressu-e shell can easily withstand 15 psi and the 

framework will absorb the spin stresses, but radiation effects can 

be excessive with just this arrangement, Typically, 75 Rem is the 

whole body limit for one year of exposure. For a 180 day stay,  an  

astronaut nust receive less than 38 Rem. With the existing 

shielding on the CIAB/LAB modules( a 2 g/cmA2 equivalent), an 

astronaut would bs axposed to 75 Rem in 180 days. Increasing this 

cross-sectional density to approximately 5 g/c=uA2 decreases exposure 

to 32 Rem per year, and allows for multi-year missions. This 

increase will be azhieved by integrating the Thermal Control 

System(TCS), with the radiation shielding. Water w 4 - -  - -rry heat 
away from the sun.l.1.t side of SAGE, reradiate the t 

darkside, and offer radiation protection since H a srate high 
2-2 
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The double micromsteoroid shields, kevlar/nylar insulation, and 

pressure shell are estimated to prevent a Fressure shell puncture, 

by up to a 1 g meteorite, with a 95% probability over 15 years. T’I‘d 

first shell serves to break up the micrometeor, while the second 

absorbs any resiauxl energy. These shields are replacea3le on 

orbit. 

2.2 Core Module 

The CM will be Constructed similarily to the HAB/LAb m o d d e s .  Its 

stucture will not absorb any spin stresses since the internal 

crosspiece adaptors will transmit the axial stress to the opposing 

crosspiece. To enter the CM, a single hatch in the center of this 

internal XP adaptor must be opened. This reduces the required 

hatches from four to one, and maintains all forces along the cross 

pieces. The crosspieces enter the CM near Lhe top of its closed end 

in order to provLde clearance for orbiter berthing when SAGE is 

spinning. 

-___---- 2.3 LOG Module 

The LOG module will be attached to the bottcm of the CM(see figure 

2.1-5). It will be constructed similarily to the HAB/LAB modules, 

but will not normhJly be occupied. It will sorve as supply storage. 

At the STS berthing portion of the LOG modula, 3.n ai- Feparate 

from the docking port will exit from the side of tl ile in 

order to provide EVA capability when the orbiter i 1. This 
2-3 
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airlock will also Lerve as a hyperbaric chan3er which can be 

pressurized to 5 atm, in case bends occurs in the lower pressu-e 'EVA 

suit. Control stations for orbiter berthing with portholes will 

exist in the LCG module to facilitate orbiter docking, and ,he 

taleoperator arms will have their primary controls housed here. ?'le 

other docking port will consist of a despinning mechanism. This 

r,echanism will rotate the LOG module at speds up to 4 . 7  rpm. The 

atmosphere leakage will be kept to a minimum ty pressurized, 

rotating seals. When the orbiter berths, tne LOG module will be 

despun for the eatire visit. 

The docking adaptor on the LOG module will be a passive berthing 

adaptor(see figure 2.3-1). The MSC arms will berth the orbiter, and 

no impact energy needs to be absorbed. This wj-11 not disturb spin 

dynamics or cause unnecessary wear on the despin mechanism. 

-__-_ 2 . 4  CrossEieces __-- 

These members absorb the spin stresses and motion dynamics due to 

thruster firings, and must be built to exacting tolerances and 

specifications(see figure 2.4-1). Each XP hss a 38 ft length, 65 in 

inside diameter, and 75 inch outside diameter. These crosspieces 

have a similar strvcture as the HAB/LAB modules--a . 2 5  in pressure 

shell(we1ded in cyljndrical sections), longitudinal and hoop 

stiffeners, and doubLe . 0 2  in meteoroid shields. Additionally, each 

crosspiece will have a rail upon which the MSC can move from the LOG 

module to a node. Figure 2.1-5 shows the relJtive - '-:on of the 

crosspieces to the LAB modules. This offset was r ;0 

balance out moments caused by the nodes. Since th jrs form 
2-4 
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the interface between the modules, gas, f l u i d ,  electrical, and f i b e r  

optic piping run outside their pressure sholls. Twelve evenly 

spaced stiffeners with an area of 3 inA2 provide primary 

longitudinal sv.yport by forming the connections between the 

crosspieces theasalves, and the adaptors in the modules. D , a r i r , g  oL. 

orbit construction, two crosspieces will siide approximatsly 20 in 

into each other and pins will join the longit-idinal bear.;. With 

IVA, bolts will be tightened on the pressuic seal, designed to work 

in spin and no spin conditions. This joinr is critical because it 

can not transmi-; stresses to the XP pressure shell. The seal is 

designed to allow for play in all directions, without incurring 

significant leakaLe. The longitudinal stiffeners are designed for 

low elongation over the 30 year lifetime;therzfore, this joint must 

absorb ar,y possible damaging stresses from thruster operation. 

Hazardous materials must run outside the pressure shell, but the 

ECLSS can be contained internally. All piping and hoses will be 

self-sealing, havs periodic quick-disconnects, and the seals between 

the piping at the oint must be available for maintenance during 

operation. Internally, each crosspiece will cave a ladder in the 

pro and  a n t i  s p i n  d i r e c t i o n  f o r  up and down t i q a f f i c .  A m a n u a l  

elevator running slong the ladder rails wi13 also be provided f o r  

transport of equlment racks. The 65 in internal diameter allows a 

standard rack to undergo a 90 degree turn. 

---- 2.5 Nodes 

A t  the bottom of each HAB/LAB module, will bs a per- ' ly docked 

storage node. Ezch node is an 81 in diameter welc with six 

berthing ports attached at 90 degree positions. I Ave 
2-5 
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standard 50 in hLtches and internal utility connections. The 

pressure  shell will be .18 in thick, and thc single meteoroid s h i e l d  

will be .03 in thick, with insulation in between. The nodes will 

have external supports for EVA and changeorit. 

2.6 Robotics 

Under each crosspiece, a Mobile Service Center(MSC) teleoperated arm 

will be used for supply transport, EVA suppori, and berthing assist. 

The entire arm assembly(see figure 2.6-1)will move along rails on 

the crosspieces. Only the main MSC with twa arms as seen in the 

figure, and the secondary MSC with one long arm will be used for 

orbiter berthing. The other two will have shorter a r m s  for EVA 

support and node transfer. The primary and secondary MSC's will 

have a reach of 65 ft in order to grab the orbiter well before 

misalignment cou?.d cause a collision and to transfer stores to the 

two smaller arms directly from the orbiter oay. After the orbiter 

has been bertheu. the arms will transfer supplies, and exchange 

nodes and propulsion packets. Several end piece adaptors will exist 

to alow the arms t c  handle a variety of cargo, including an 

attachment for moving an EVA astronaut around the SAGE structure to 

do maintenance. Finally, the each MSC can be moved in and out on a 

crosspiece to com9ensate for mass inbalanceL. 

-- 2.7 Trusses 

Between each HAB/LAE module, triangular space frame 

provide structural support to the crosspieces duri 

despin, by balancing thruster torques. They are s i  

2-6 
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lightweight, and easily constructed by EVA(see figure 2.7-1). Each 

box is 38 in lon,r, forming an equilateral triangle with a 20 i? 

side. The end picces are made from aluminu-n while each member is 

composed of graphite. Initially, they will be attached to ,he 

modules at the crosspiece interface, but probisions will bd m a d e  L J  

have attachment points on either ends of the modules if needed. 

These frames w i l l  also house the magnetic coils for p i t z h  control. 
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3.0 Power Systems 

The SALE design holds, as a p r i m a r y  oSject . ivs ,  z r ~ ~ ~ a t - 1 5 1  i j . y  

with the Space Station presently being develDped by N A S A .  The 

r e a s o n  for this has been that the use af ccrmpatiS:e systems i.3 

expected tu reduce research and develapment COF~.&Z +or  S/iGE.. An 

equally imcortant reason f o r  us;ing such compatible systems is t h e  

simplification and economiiation -of the stocking o f  spares, w h i c i )  

will m a k e  poi  sibPe the sharlng of c o m n o n  spares between Spact. 

Station and SAGE. The sharing of spares also makes possible trie 

cannibalization of one platform to save the  o t h e r  i n  the event a t  

catastrophic, life-threatening failure of a s y s t e m .  

Cannibalii?,ti3n o-F this sort wrruld, of cEarSe, cml;* h2 i:sr*orfrp,l 

i f  such  a c t i o n  did RGt thr2atz.n the  cannibclizej ?l,itf cy-.n, 3.iqd 

o n l y  if a b s ~ 7 1 f ~ t 2 1 ~  necessary. 

The Space Station pzirrer s y s t e m  d e 5 i ~ 3 ,  Slth.zL:gh nck roTip1El-t.e 

nor thorough1.y s p e c i - F i e d  in every  detail has p r q r e s s e d  quite 

far. Thr-cugh cantracts and subcontracty to var- i 3115 aerospace 

firms, t h e  Space Station Work Fackage FoLr ( W F - O r l ) ?  has Seen used 

to first narrow, then begin the specification o-f t h e  design. O n e  

of the first o~tions to b e  discarded w a s  the S - - l O O ,  and all other 

radioactive powa- generation methods. Ttre problems ,  which are  also 

bars to use aboard SRGE, include t h e  necessity of shielding or 

separating thz radioactive S O L I ~ C ~  from t h e  living quarters;. The 

weight of shielding and the difficulties of pis-'---. the reactor on 

a boom w h i l e  m;.intaining repair capability rsi y limited. 
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u s e f u i n e s s .  The cleciaincj factor was t h a t ,  in l i i q k t  c - F  t h s  o . , n j e r =  

of  a c c i d e i r t a l  r e e n t r y  f rom l a w  Ear th  orbit, ~ . r .o  t t is - i - ; a  ' + ~ e r - ~ : . ~ ~ c :  F 

r e c o r d  of  U.S. launches i n  r e c e n t  h i s t o r y / ,  p c l i c : . z a L  r~ I-:- ' . - ? f~s . r -= r -  

would p r e v e n - .  the a p p r G p r i a t i o n  o f  f u n d s  'ir, ..;G.~S:LY> ;..cn :. .:.-,5:gn. 

The next pawer s y s t e m  c o n c e p t  t o  t=r ex;.; t G~F.;I: ',- : s ii- ;-,t~~qrjr-. 

Solar power h a s  several  s t r o n g  a d v a m t a c e s  and !:k.;,.:i-::.- I; .:i :. ~i ins. 

The p r i m a r y  advantage o-f p h o t o v o l t a i c  5 y 5 t r m s  is t t : _ i t  t h e  

t e c h n o l o g y  kias been  thoroughly t e s t e d  and i s  <hcrr . fc . r r l  h:,.;. t 

;pliable c...;..d presents n o  d e s i g n  obstacles oi. zi;+jrr ~r n ; , ~ r  + : . ,  

Additionaily, ,solar pc.\cter systems r e q u i r e  no c . , l ~ ~ , ~ ~ c i s . ~ ~ ~ e  :, L ? ,  ' , .  

The limitations o f  p h o t o v o l t a i c s  are p r i m a . r i 2 y  a resl.il t (..f T i , ,  : ;  

l o w  e f f i c i e n c i p s .  F h o e c v o l t a . i c  power gel.;eraci on scl-lt'irlelj c . .n  

achieve efiiriencies of o n l y  11X ko  1 6 X .  The resi-i.lt ;i+ ~ . t ~ 4 i ~ ~  i - ,  

t h a t  r.!i t h  =he sni.cir c o n s t a n t  a m e r e  135JmW/m', L:IC i t?quir t:d ; ,.l-'L. 

of  p h o t a v o l t a i c  c e l l s  to g e n e r a t e  l a r g e  F g w e r  s u p p l i e s  i s  

a p p r o x i m a t e l y  2 4 . 7 7 m "  p e r  kilowatt. T h i s  means 1T162.tnix f o r  

55kWe, w n i  ch woul c! i n d u c e  u n a c c e p t a b f  2 a t m o s p h e r i c  drag tm-ces. 

T h e  cost  nf d r a q  m a k e  up  would be so h i g h  as 'ic Eurrjyest 

exploration uf other power generation sche.-r.ss. Fi.tr ther I i ~ i t i t c t i o n s  

i n c l u d e  p l a sma  e f f e c t s  which l i m i t  t h e  m a x i m : m  vc . l tag3  to . ~ O c r u t :  

2OOV,  and a t c m i  c o x y g e n  deg:-adat i on of sol  ai- cel 2. 2rray5 and 

c o n n e c t i o n s .  Gi~lliurn Rrsenide wa.ier.; hab.e been s i ~ t ~ g ~ ~ t e d  as 5 

s u b s t i t u t e  f o r  the  t.{pical Silicon Diox id t .  waferz,  di..re ti-, Lhzii- 

h i g h e r  e f f i c i e n c y ,  b u t  t h e i r  cost  is p r o h i b i t i v e l y  h i g h .  

. .  
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The rEsult af these pr-~olerns  bas oc.ili7 a se.c;rch f c r  a. ~ ~ l + t -  

power s y s t p m  which has a l o w  specifii ;ires, reasonably l ~ j ~  -:est, 

Space S t a t i o n  c o m p a t i b i l i t y ,  arid t w o  c t h z r  .fa.ctcrs w h i  '-?  it-.:? ,.i 

p a r t i c u l a r  i m p o r t a n c e  ta SAGE.  The Sirst +actor  is t h a t ,  c - x c , c - c l  

SAGE will be a man- ra t ed  p la t fm-m,  the p c w e i -  -,./stern m u s t  be higt i fy .  

r e l i a b l e .  T h i s  will be achieved through r e d u n d a n c y  ;.<nd s i m p L i c i i . ~ , ~  

af r e p a i r .  The second factor i 5  that, because S?SE w i l l  gehera tc  a 

g r a v i t y  of up t o  0.7q(during testing). the  power svstem m u s t  Le cJf 

l o w  w e i g h t  L o  lessen the  b e n d i n g  -and v i b r a t i o n  of t h e  c r o s s p i e c L 2 s .  

These many c o n s i d e r a t i a n s  h a v e  beer1 ~ ; y i ; t h ~ s ; i  z e ~ 1  i n t a  the  ver./ 

promis ing  por.er s y s t e m  d e s i g n  which w e  h&ve  develnped.  

The pawer y e n e r a t i a n  problem received 3 S t - s a t  dea l  . - ~ t  

._ 
a t t e r i t i o n  w i t h  a q u i t e  exciting i-esu1.t. the !xciiiy probLeiiis o f  

r a d i o a c t i v e  a n d  p h o t o v o l t a i c  pGbJer generatian schemer l z ~ d  to ?he 

e x p l o r a t i o n  of 5 ~ 1 a t -  dynamics as s methad of ?uwer g e n e t - a t i o n .  

Solar dynamics  is t t t e  c o n c e p t  of u s i n g  either a l a r g e  p a l - a b a l i c  

r e f l e c t i n g  s.Arface o r -  a large F r e s n e l  l e n s e  t o  co l l ec t  and focus 

the S u n ' s  r a y s  onto t h e  l e n s e  of  a receiver.  See Figure Z . 1 - I ,  

which i l l u s t r a c e s  t h e  c o n c e p t  of solar dynamics  i n  t h e  f o r m  of a 

so lar  dynamics  s y s t e m  mounted on  one SAGE module. Act ing  a s  a 

b l a c k  body, t h e  r e c e i v e r  absorbs the thet-r;ial enF-.-.\' f r o m  the S u n ' s  

r a y s  a.nd uses t h i s  ta heat a work ing  sukstanct enon 

7-4 
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Figure  3.1-1 Conceptual Solar D.-ynai?ics Genera t ion  

Re c e-: v er/Po w e r  
Convei3sion Un i t  

1 

d 
.! 
I 

SAGE Module 
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SAGE 

Ffaui-e 3 . 3 - 2  SAGE Power Eudaet 

Item or  System ccwer (Watts;) 

Module Structure (5x30000) 
Crosspiece Structure (4X6167.2) 
Waste Management 
Water Recovery & Management 
Fire Detection Ik Suppression 
Atmosphere Cont-ol Sr Supply 
Temperature 8c tiaridity Control 
Atmosphere Revitalization 
Laundry, Showers, Handwashers 
Cooking, RefrigerFtor, Freezer 
Miscellaneous Lights, Tools, Heaters 
Module Instruments & Controls 
Life Sciences Lab 
Science ?ayloads ( 3  rnax.)  
Communications t Tracking 
Photovoltaic arrays 
Solar Dynamics 
Batteries 
Power Distributi~ni95X e#+. 1 
Attitude, Spin, snd Orbit Control 
Thermal Czatrol 

Totals O f  Known D s i ; .  
Total Emergency Laacs 

0 
0 

184.0 
447.2 
109.4 
212.1 

1428.0 
2360 -. 3 

183.6 
1500.0 
5500.0 

1.3200.0 
9000.0 

15000.0 
6800.0 

c, 
0 
0 

2750.0 
3000.0 

7 

61674.3 Watts 
7500.0 watts 

Note that power requirements will be lessened to 55kWe through power 
management techniques. T n i z  12% reduction in power demand will b e  eased 
during those periFas of  operation in which the solar dynamics perform- 
ance is above t h e  nominal level of 2SkWe each. Foxcr management tech- 
niques will also be used to lessen emergency laads (7.5kWe) by 33%, to 
5kWe. The emergency power requirement is based or; minimal life s u p p o r t ,  
thermal, and attitude control n e e d s .  These loads need not be operated 
a l l  at the same time. 

3-7 
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Silver.4 T h e  I w o  1a;iers w i l l  then b e  e p o x i e d  C ~ J  s. r:<>i..T 

s u b s t r a t e  as r-!tcJwn ir! Figure  S . i - 4 . %  
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M g u r e  3.1-5 SAGE Solar Power Genera t ion  (Side-view) 

n 

PV Collector 

Hub 
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The n e s t  r e q u i r e m e n t  of t h e  thermodynamic  c y c l e  1s t h e  

r e j e c t i o n  of e x c e s s  h e a t  t o  space i n  o r d e r  t o  m a i n t a i r .  '1igl-4 c y r l e  

e f f i c i e n c y .  S A G E  w i l l  employ c i r c u l a r  r i d i a t - o r s ,  which w i l l  be 

l o c a t e d  c o a x i a l l y  w i t h ,  and i n  t h e  shadow o+, the c o l l ~ c t o r s .  The 

r a d i a t o r s  w i l l  u s e  a n  ammonia f i l l e d  heat. e x c h a n g e r  w i t h i n  t h e  PCU 

t o  remove h e a t  f r o m  the  N o r k i n g  f l u i d ,  p i p e  T t  t h r o u g h  t h e  h o l l o w  

R/PCU s u p p x t s ,  t h e n  reject it t o  space through t h e  r a d i a t o r s ,  

which w i l l  bk c o a t e d  w i t h  2 9 3  Whi t e  P a i n t  f o r  h i g h  e m i s s i v i t y .  

R a d i a t o r  and  p i p i n g  c o n f i g u r a t i o n  is shcwn i n  F i y u r e  3.1-5. 

The r a d i a t o r s  w i l l  be mounted t o  t h e  trur,ses o f  t h e  co l l ec t -o r s  fo r  

s u p p o r t :  e x p a n s i o n  j o i n t s  w i l l  b e  i n c o t - p o r a t e d  i n t o  t h e  d e s i g n  t o  

p r e v e n t  excessive t h e r m a l l y  i n d u c e d  shear +orces om t h e  moun t ing  

c o n n e c t i o n s .  

The F r i n a r y  Power G e n e r a t i o n  Sys t em is q u i t e  i n t r i c a . k e  i n  its 

d e s i g n  and  w i l l  r e q u i r e  c a r e f u l  a s s e m b l y  i n  s p a c e  t o  ec5w-e o p t i -  

mum p e r f o r m a n c e .  The col P ector h e x a g o n s  xi 11 be h i n g e d  and ztack.ed 

i n  a d e p l o y a b l e  c o n f i g u r a t i o n .  Upon r i g i d l y  moiunting t h e  stack t o  

i t 5  a s s i g n e d  SfiGE module,  t h e  collector w i l l  tre d e p l o y e d  -to i t 5  

f u l l  d i m e n s i o n 5 .  F o l l o w i n g  this, and  p r i o r  t o  a n y  s p i n n i n g  or 

o r b i t a l  m a n e u v e r i n g ,  t h e  s u p p o r t  t r u s s e s  and  r a d i a t o r s  w i l l  be 

a s s e m b l e d  i n  p .ace and  r i g i d l y  c o n n e c t e d  t o  ba th  the S A G E  module  

and t h e  col lector 's  r i g i d  z u b s t r a t e .  The  n e x t  s t e p  i n  t h e  a s i s e m -  

3-19 
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bly is the addition of the R/FCU which will be supported b%f f o u r  

slender, hol .tow poles which will provide structural support, con- 

duit for heat t-ansportation #luid(ammonia), and harness p o i n t s  f o r  

the electrical supply cahles f r o m  t h e  PCU to SBGE. A period of. ~ ~ ~ ' 5 -  

tem tests and spin-testing up to 0.79 will prepare tt-n s y s t e m  f o r  

its final certiqication for full capacitya operatio-1. 

T . 2  P r i m a r y  Eneroy 3toraae 

One of thc most promising prospects introduced by solar dynam- 

ics w a s  the concept of thermal energy stn*-age. The advantage o f  this 

concept is that jt promises storage efficiencies of up to 90% as 

compared to the 55% to 65% offered by  battery storage systems. For- 

tunately, this concept has been found to be feasible. The thermal 

energy storsge(TES1 material is required to be a eutectic composition 

with its rnelting/solidifying temperature near 1034K.  A mixtbre of 

Lithium flouride and Calcium diQ1ouride was chosen f o r  the j o b ,  and 

has been shown to work well in prototype TCS systems.9 Figure 3.1-7 

z h o w s  the receiver, w h i c h  c o n t a i n s  the TES system. The TES material 

will be encased in ceramic or g l a s s  tubes which will be surrounded by 

the working flyid. The heat in the working fluid will melt the TES 

material. When S F G E  enters the eclipse, the TES material will re- 

solidify, giving a f f  heat which will continua heating the working 

fluid throughout the -36.01 minutes of darkness. 
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3.3 Make-up and Emerserxv Power 

The total power requirement of SAGE, as shown in Figure 3.1-2, 

is 55kWe. Obviously, the solar dynamics wi 11 provide, nominally, 

only SOkWe 04 that requirement. Furtherwore, the emerc?mcy l o a d s ,  

amounting to SkWe, must be supplied in t.he event of catastrophic 

failure of b;th solar dynamics systems. Although the actual power 

produced by each solar dynamics system is 26kWe to 30kWe, ttte de- 

sire f o r  safet: even under leS5 than ideal conditions requires that 

t h e  system be designed with the expectation o f  nominal power pro-  

duction. The result of  the safety, reliability, and redundancy r e -  

quirements for SAGE is a combination of photovoltaics, Nickel-Cad- 

mium hatteriEs, and slow bleed operation of the TES system. An im- 

portant p o i n t  to n o t e  is that, under nominal(55kWe) power production 

conditions, S 1 G i -  requires a 12% reduction in total power consumptiurl 

through the  use Jf power management techniques. Likewise, the emer- 

gency power rquirements of 7.SkWe will be subject to 33% reduction 

through power management to decrease the -equirement to SkWe. 

The three e?ements of  the SAEE Make-up and Emergency P o w e r  5 y s -  

tem can be seen i r ,  Figure 3.3-1. This block diagram will be extremely 

u s e f u l  throughout this and the following sections on power systems. 

The f i r s t  two components, photovoltaics and hatteries, are used f o r  

make-up o f  the extr-a 5kWe and for emergency supply of 5kWe. The 

photovoltaic~i will ccrnsist of four arrays situated on t h e  solar- 

pointing sides c f  the crosspieces. Each array will be 40ft long by 

6.39ft wide(l2.2 meters by 1.95 meters) which w' - 4 d e  a steady 

power production r;f SkWe while perpendicular t 
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See the Power appendix for calculations. The photovoltaics' 1 q w t . r  

sensitivity to pointing errors provides a degree o f  safetv durinq 

emergency operation which is not present ir, the solar dynamics. 

The batteries are NiCd, which provides a reliable and easily 

manufactured eiiergy storage system. 176 cells, of  1 . 2 5 V  each, wlll be 

used to provide 2ZOV output at 5kWe. The discharge will be iimited to 

25% during the 36.1 minute eclipse time, and the system capdcity will 

b e  60.12 Amp-hours at a maximum current of ZSAmps. The batteries wlll 

be located in the  central hub along with 2hrl DC/&C converter f o r  bo th  

t h e  photovoltaics and the batteries. The maximum duration o f  5kWe 

production by the batteries, C r o m  a full charge, is 2 hours, 24 

minutes?. This i.2 the emergency mode, which results in 100% discharge. 

All calculatians are  enclosed in the Power Appendix. 

The thir3 component is the slow bleed of the thermal energy 

storage system. The R/PCU will contain, in addition to the main t u r -  

bine and alternator, an auxiliary turbine and alternator which will 

have a maximurn Dutput of 2.SkWe. The result of this will be a much 

s l o w e r  solidification of the TES material, which w i l l  increas2 t h e  

length of time &ring which SAGE can provide its emergency loads of 

5kWe. The t w o  solar dynamics systems, each contributing Z.SkWe, will 

have approximately 10 times the normal eclipse duration because of 

the reducticn tu one-tenth of normal eclipse power production. The 

resulting dura*-'an i 5  six hours, 1 minute. This calculation is shown 

in the Power  Appendix. The batteries would be held in fully charged 
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ressrve during .:his time, and would b e  used after the e x h a u - ' . i o n  

the TES to extend the duration to Ehours, 25minutes. T h i s  ic, t h e  

maximum length of time, by a conservative estimate, that SAGE can hs 

supplied with en.ergency power without an*/ insolation. T h i s  could on1 ~' 

happen in the event of either catastrophic destruction ,If all photo-  

voltaic and s.;olar dynamic systems, or  the catastroptlic failure of the 

attitude contra1 system with SAGE pointed far off the Sun. The  f i r s t  

scenario would almost certainly result in the destruction OT the en- 

tire satellite, which would preclude the need for emergenc'f pawer .  

T h e  second scenario is very unlikely #or this spin-stabilized 

spacecradt, and even in the e v e n t  of its unlikely occurrence, t h e  

a5tronauts  could manualiy operate the thruster valves to despin and 

then solar-point the spacecraft, thus restoring insolation. 

Near ly  any imaginable scenario can be handled by the combination 

of  the solar- dynamics, thermal snergy starage, photovoltaics, and 

batteries. The section which Oollows, after explaining t he  Power Dis- 

tribution s;ystam, will examine several emergency scenarios and t te 

power switching necessary to control each situation. 

ORIGINAL PAGE IS 
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3.4 P c l w e r  9istribution 

The p o w x  s y s t e m ,  like all SAGE systems, is designed with a 

goal of Space Station compatibility. In addition, reliability, low 

cost, and law weight are major considerations. 9s a result 0-1' these 

design objectites, the power distributinn chosen was <he 400Hz, 208/ 

ZZOV, 3 phase distribution being conside-ed +or Spzce Station. 

The solar  dynamics will generate this specified power directly, usinq 

the turbine-driven alternators. The photovoltaics and batteries wi 1 1  

use a DC/AC converter to generate the desired power distribution. T h e  

conversion and krransportatian of this pawer is expected to experience 

95% efficiency, which is typical. The costs of power distribution 

are consicered to be components of the respective power generation 

systems' costs and are not listed separatel-f in this design. Figure 

3.3-1, the SaGE ?ower System Block Diagram, shows the m a j o r  switches 

and the iuncxionai connections o f  the power system. The s u - f f i x  " A "  in 

the diagram ra+r rs  to the components of the second solar dynamics 

power module. The "E" prefix re9ers to emergency distributian 

switches. 

The block diagram is the ideal p e r s p e c t i v e  f r o m  which to illus- 

trate the normal operation and emergency response of  the power 

system. A l l  s r * i k c h e s  are operable both locally and remotely +rom any 

module. The norrrial distribution sysjtem(PD) has a completely redundant 

emergency back-up system(EPD). In addition, the entire distribution 

(PD,EPDI system can be supplemented by jump c a b l e s  which can be used 

to replace any damaged section OQ distribution wiring. The PD and EPD 

switcher; allow the supply or isolation of any IT - group of 

3-21 



ORIGINAL PAGE IS 
OF POOR QUALITY 



ORIGINAL PAGE IS 
OF POOR QUALITY 

SAGE 

Fipure 3.4-1 S f l G E  Emernencv Power Distr ibut ion 

Main Switches Power Duration 
Scenar i o PV1 FVZ PV3 SDl SDlG FDl PDlA FD2 (!<We> (min) 

l l l M M  F I N  M 55 unlimited I 1. Normal 
2. Main Dist. 

Failure l - -  1 1 M ?I M M  E 55 unlimited . 
3. P V  Failure 

b a t t e r y  n a t  
needed 0 0 0 M M  w i l  M 50 unlimited . 
k ta t te ry  needeci 0 ? : x P !  M M  Y 55 144 then #3 . 

-- then 50kWe . 

4. P V  Failure 

5 .  Batt. Fai lure  i 0 1 M M ? 1 M  M 55 until eclipse, 

6. Single SD 100% 
unlimited . f ai lure 1 1 M/O O/M M/O o/N M 30 

7. Two SD 100% 
1 0 0  0 0  Y 5 unlimited . failure 1 1 

control f a i l u r e  
100 deg out 
f r o m  Sun 0 0,1 0,l 1 I 1  M 5 505 

8. FSttitude 

.l 

KEY 
open circuit or off  
closed circuit or  on 
main 
dux i 1 i dry 
emergency 
left, then right 
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:.5 Weiaht and C o s t  

The S&GE power system provides numerou~ services w i t h  r ide  

latitude for the handling of contingencies. The power gener3tlon 

system provides a nominal 55kWe power to load, and an ac tua l  cap;(- 

city of up to 65SkWe. The energy storage systems providci  t n a t  s a m e  

55kWe capability during 36.1 minute per orbit e c 1 i p s t . q .  T h e  emerqency 

power systems, in addition, provide f o r  5 L : W e  emerq2ncy requirements 

f o r  various durations, depending on the cause of the emergency. All 

this capabilitv certainly does not come without it5 costs. These 

costs include height and dollars, which are  balanced by 57% l o w e r  30 

year lifecycle costs over entirely photovoltaic systems." T h e  

weight and cost od SAGE power system cornporents are summarized in 

Figure 3.5-1. 
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Fiqure 3.5-1 SAGE Fower System Weiqht g-td C o s t  Budqet 

Item o r  C y s t e m  Weiaht (Lb) C o r j t ( 3  million) . 
Sol at- Dynarai cs 6264.2 800.0 
Phatovo l  ta? cs 2505.8 48.0 
N i C d  Batter ies  1319.7 25.3 
T o t a l s  10039.7 Lb. 5873.3 millron 
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+ G . J .  H a l l i n a n ,  Space S t a t i o n  klP-Oa rawer System F i n a l  Study  
Report (Rocketdyne  D i v i s i o n ,  Rockweli i n t e r n i t i o n d l  , 19871, p .  2-17. 

' I b i d . ,  pp,  a i l .  

= I b i d . ,  p. 2-32. 

4 1 b i d . ,  p. 2-17 .  

sNFISA, Cldvanced Salar Dynamic Space POWFL Systems Ferspecti ves 
Requirements .  and Technoloav Needs, ICPeveland,  O h i o :  Lewis  Research 
C e n t e r ,  l Y E J 7 1 ,  Figure 13 c o p i e d ,  a l l  credit  to NPSR. 

L H a l l i n a n ,  !I. 2-17. 

7 1 b i d . ,  p .  Z-:6. 

O I b i d . ,  p. 2-11. 

9 1 b i d . ,  p .  2-'7. 

i o I b i d . ,  p .  2-' 11. 

a i l b i d . ,  p .  3-7. 
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54GZ -- Power System Selected Sib2  i oqraphy 

Friefeld, J . M . ;  Hallinrn, G . J . ;  and Springer, T.ii .  Space S t a t i o n  
Powet- System Technolosv Issues and Developmeyit Appr-aach. RorketdynL 
Division, Rockwell Tnternational, 1985. 

Hallinan, G . J .  Space Station WP-(34 Power System Fiqa l  Study R ~ ~ o r t .  
Rocketdyne Division, Rockwell International, 1987. 

NASA. The Space Station Power Svstem. TM 88847 Cleveland, C h i o :  Lewis 
Research Center-, 1986. 

NASA Odvanced Solar  Syh3amic Space Pvwer Systems Perspectives, Resuirements, 
and Technolopy Neet-'=. TM 88884 Cleveland, Ohio: Lewis Research Center, 
1987. 

Woodcock, Gordon R. SPace Stations and ?lat+cirms. Malabar, Florida: Orbit 
Book Company, 1986. 
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S A G E  ! % w e r  Sv5;tlern f ippendix 

1.) R e q u i r e d  Col lec tor  area 
Given:  56.8-ft d i d .  S p a c e  S t a t i o n  SD ccllector and  57.8inch dla 

F i n d :  Collectar d i a  t o  allow f o r  r e c e i v e r  shadow while m a ~ n t a i n l n q  

Sol u t i  on: 

r e c e i v e r / p o w e r  c o n v e r s i o n  u n i t .  

s a m e  u c e S u l  area. 

d i d =  6 7 . 8 i n c h e s x f  t /1Zi nches=5.65f  t . 
<. 3O48m/f t 1 

area= . 'ZixPIx (d ia )2=.ZSxPIx  (56.8ftz + 5.t5ftz)x 

= 227.7111~ 
I col lector  d ia .=SQ R o o t ( 4 x a r e a / P I ) =  17.4 meters o r  57.1 f e e t .  

2.) PV A r r a y  s i z i n g  
Given:  SkWe r e q ' d .  P V  r e q u i r e s  l9mZ/kWF! 
F i n d :  A r r a y  s i z e  t o  f i t  on c r o t i s p i e c e ~ ,  
S a l u t r i c n :  54~4exl?m~/kWe= T i m 2 =  1 0 2 2 . 6 f t z  = 4 e a c h  a t  255.6f t" 

15.. r e 5 ; u l t i n g  s i z e  15 $0 f t  l o n g  by 6.J9 f t  wide or 
1'2.2 meters l o n g  by  1.95 m e t e r s  w i d e .  

- 

3 . )  Emergency P o w e r  L l i r a t i o n  
Given:  N o r m a l  chermal  e n e r g y  starage o p s r a t i o n  is SOkWe f o r  36.1 

m i n u t z s .  Emergency power r e q u i r e m e n t s  a re  % W e .  Batteries 
:asr 35.1 m i n u t e s  when d i s c h a r g e d  to 25%. 

F i n d :  How long t m  5kWe b e  g e n e r a t e d  w i t 3  no i n p u t  of so la r  e n e r g y ?  
Sol u t  i on : 

B a t t e r y :  36.1 m i n u t e s  / 0.25 d e p t h  of d i s c h a r g e =  2hrs, 24min. 
T h e r m a l :  5 0 k W e x J 6 . 1  m i n u t e s  p e r  ec l ip se /ZkWe= 6 h r 5 ,  1 min. 
T o t a l =  Rattery + Thermal=  8 h r 5 ,  25 minv. tes .  

4 . )  B a t t e r y  D e s i g n  
Given :  

F ind :  

Sol u t i  on: 

E c l i p s e  time is 36.1 m i n u t e s  (maximum). B a t t e r i e s  o p e r a t e  a t  
1.25V/crll when combined i n  series. D e s i r e d  d e p t h  G+ d i s -  
charge i s  25%. O p e r a t i n g  voltage i 5  2 2 O V .  Power to load is 
SkWe. 
Number of ce l l s  r e q u i r e d .  
O p e r a t i n g  c u r r e n t  f o r  p u r e l y  r e s i s t i v e  load. 
C a p a c i t y .  
#cells= Z Z O V / ( 1 . 2 5 V / c e l l )  = 176 cells 
P = I V ,  l = P / V =  5500W/220V = 2 5 A  (553OW is the power p r o d u c e d )  
C a p a c i t y ,  C= 2 5 A  x 3 6 . l m i n  x hr/b(lrnin x 1 / 2 5 % d e p t h  
C=60.12Rmp-Hours 
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5.  ) Weight 
Given: 

Find: 
Sal uti on: 

6.) Cost 
Given: 

Batteries weigh O.lLb/&np-hour.'cell. Case weight 1s 20% PL 

celJ w e i g h t ,  and mounting p l u s  instrumentation w e i q t - t  IC_. 

esti,oated at 50 Lb for the batteries. From Walter f i l l e n ' s  
notcs. 
Photcvoltaic systems generate 4.40W/Kg. 
Solar Dynamics generate 17.60W/Kg. PU and SD f r o m  NASA 
TM 8 8 E 3 4  
CJeight of  each component system. 
Battery Weight, PW= 10. l L b / t l - H / C ? l l )  x 176 cell F: x 5 0 . 1 Z A - t i  Y 

(1+20%) + 50 Lb= 1319.7Lb 
Photovoltaic weight, PVW= 5OOOW x 2.2@5Lb/l g / ( 4 , 4 0 W / K q )  
PVW= 2505.8Lb 
Solar Dynamic weight, SDW= 50003W x 2.205Lb/Kg / ( 1 7 . 6 0 W / K q )  
SDW= 6264. ZLb 

36.1 crinute eclipse. SOkWe solar dynamics, 5kWe batteries 
and phntovol taics. 

Find: Cost o d  each component. 
Solution: At 61.2 billion per 75kWe, t h e  50 kVe SAGE solar dynamics 

will cost  221.28 50175~ $0.8 biiiion. ( # ' 5  from Hallinan.) 
A t  $1.1 oillion per 75kWe, t h e  5 kWe SAGE photovoltaics 
with batteries will cost s73.31rillion. 
Based on a simple weight ratia, for lack o f  better infor- 
m a t i a n ,  t h e  battery cost w a s  estimated as a component of 
photovoltaics ' cost. 
31'5 S a t t e r y  cost SVC= Photovoltaic array costs 

Solv- ng both equations simultaneously gives the solutions: 
bC=$25,3E6 PVC=C49.OE6 
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The communications system o f  the S?GE space s t .a t io , -  

ad junct  will draw heav i l y  upon e x i s t i n g  technologg used 

throughout 5he space s t a t i o n  complex, the space s h u t t l e  

systems, and t l ie  data handl ing c a p a b i l i t i e s  o f  the  r a c t l c a l  

Data Relaq S a ; , e l l i t e  Sgstem, re fe r red  t o  throughout as 

TDRSS. Reauired c a p a b i l i t i e s  inc lude a s2ace t o  space 

communication l i n k ,  a space t o  ground l i c k ,  intet-n.al audio 

and video sjystems, and access t o  TDRSS, For- the Pcu-Pose of 

o r b i t  de te rv ina t i on  and t rack ing  a Global Pos i t i on ing  

System L ink i s  glanned. 

4 .2  Space 50 Grou.nd Link 

The princicla communications l i n k  between space and 

ground w i l l  '30 through TDRSS, i n  conforniit,g t o  the  TDRSS 

Handbook, The design data r a t e s  and frequencies are l i s t e d  

i n  t a b l e  4,2.1. 

Ku-Eand forward l i n k  ( t o  SRGE): 12.5 I%ps a t  13.775 Ghz 

Ku-Band r e t c l r r  l i n k  ( t o  TDRSS) : 300 Mbps a t  15.0034 Ghz 
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The l i n k  budgets f o r  t h e  space t o  ground s y s t e m  a r e  

as i nd ica ted  i n  t a b l e s  4.2.2 and 4.2.3. I n f o r m a t i o n  socrcs  

w a s  the  TDRSS User’s G u i d e ,  S e p t .  1984. 

Table 4.2.2 

Fnt-w-d I i n k  R11dq-t. 

1 TORSS EIRP 46 I 5 -dBW 

2 S p a c e  Loss -207.9 dB 

3 R n t e n n a  G z i n  49.4 (design va lue )  

4 P o l a r i z a t i o n  Loss -.1 dB 

5 R e c e i v e r  t.osses -1.7 dB 

RECEIVED PCWER -113.8 dB 

C System N n i s e  -200 7 dBW/Hz 

7 R e c ,  S i g n a i - N o i s e  D e n s .  86.9 dS/Hz 

3 Data R a t e  71.0 dB/Hz 

9 R e c .  Eb/No 15.9 dB 

10 I m p l e m e n t a t i ,  In Loss -2.5 d6 

11 C o d i n g  and o t k r  Gain 21.7 dB 

MRRGIN 

~ ~~ 

3 . P  dB 
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Tab12 -3.2.3 

PeturnAl< RI h-lQ=+. 

1 T r a n s m i t  Polder 13.0 dBW I20 Watt X m i t t e r )  

2 T r a n s m i t t e r  Loss -2.0 dBW 

3 Rntenna G a i n  50.1 (TRLJ design criteria) 

4 P o i n t i n g  Loss - . 2  dB 

NET EIRP 60.9 dBW 

S Space Loss -208.6 dB 

6 P o l a r i z a t i o n  Loss -.1 d B  

,- 

RECEIVED S I G I W -  POWER -147.8 dB 

7 Data H a t e  S4.S dB/Hz 

8 Required Received Power -153.0 

MRAGIN 5.2 dB 
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Space t o  Ground Qntenna 

The space t o  ground antenna w i l l  enDloy  e x i s t i n g  

tachnology based on TRW Corporat ion 's  LRNDSGT a n t e n n a  

design. Gs i nd i ca ted  i n  tab les  4 .2 .2  and 4.2.3,  the n - n s  

foo t  d i a me t e  r * K II - Band an ten  na p 1 ann e d w i 1 1 have de 5 1'3 n 

r e c e i v i n g  and t r a n s m i t t i n g  gains o f  about 50 de. Oc 

p a r t i c u l a r  i n t e r e s t  i s  the  f a c t  t h a t  space t o  ground 

communications can also be accomplished employing the S -  

Band c a p a b i l i t i e s  o f  t h i s  TRW des-isn antennae. 

The S-eand c a p a b i l i t i e s  i n  terms o f  data  rake and 

user frequencies f o r  space t o  ground communications are 

l i s t e d  i n  tab,e 4.2.4. T h i s  c a p a b i l i t y  w i l l  be ot' 

p a r t i c u l a r  value dur ing  the  i n i t i a l  cons t ruc t ion  phases o f  

the  SkGE s a t e l l i k e ,  dur ing  w h i c h  t ime on ly  the  S-Band 

system w i l l  DE? operat ive.  Fllso, t h i s  pravides a s u i t a b l e  

backup t ranz in i t t e r ,  a l thoush n o t  capable o f  100% o f  the 

design Ku-Band data handl ing.  

Table 4.2 4 

S-Band Space to Ground L i n k  Capability 

~ ~ 

Forward L ink  Lo SQGE 1. kBps a t  2025.8-2117.9 Mhz 

Return L ink  t s  TDHSS 16 kBps a t  2203-2300 Mhz 
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SRGE 

The SDacE to Space Communications System planned T - 3 -  

t h e  S R G E  s a t e l l i t e  is designed t o  be Complet.P-lcJ comp.3tible 

with planned u s e r  o p e r a t i n g  f r e q u e n c i e s ,  t o  i nc lude  t h e  

Space S h u t t l e ,  t h e  Space S t a t i o n ,  t h e  O r b i t a l  Maneuvering 

Veh ic l e ,  and t.he Manned Maneuvering 1Jni.t f o r  EVU. The 

s y s t e m  is a m u l t i p l e  u s e r  system employing t w o  twelve  f o o t  

d iameter  d u a i  band (Wide and Narrdw Band) an tennae  such a5 t h e  

mult iDle access communications system des igned  f o r  the 

space s t a t i o n .  Yu l t ip l ex ing  t echn iaues  wi th  t h e  two d u a l  

band an tennae  ircreases t h e  a v a i l a b l e  t r a n s m i t t e d  data 

r a t e ,  a l lowing  f o r  a complete video l i n k  w!.th e x t r a -  

v e h i c u l a r  a s t r o n a u t s .  Based on t h e  c r i t e r i a  e s t a b l i s h e d  For- 

a space t o  sizpce s y s t z m  on board t h e  space  s t a t i o n ,  and 

p r e d i c t e d  use &board SRGE, t h e  des ign  f r e q u e n c i e s  and d a t a  

ra tes  are e s t a b l i s h e d  i n  t a b l e  4.3.1. 

The space to space s y s t e m  w i l l  a l l ow a maximum o f  

t h i r t e e n  s imul taneous  users, w i t h  a t y p i c a l  maximum range  

of  2000 k m .  

Table  4.3.1 

Space to Space Link 

Narrow Band r e t u r n  l i n k  128 k B p s  a t  13.64-13.70 Ghz 

Wide Band r e t u r n  l i n k  25 MBps  a t  lJ..00-14.30 Ghz 

Forward l i n k  1 . 2  MEps a t  14.50-lA -c 5hz 
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Soace t o  Soace Link Budget Pred ic t ions :  

The pro jac ted  margin f o r  the p a i r  a f  twelve f o o t  

diameter Ku-Bard antennae i s  between 1.9 and 4 .0  dB based 

on the  work o f  R . P .  Huckensmith and ott-,erS of t.he Godd3t-d 

Space F l i g h t  Center as publ ished i n  NFlSFl Technical 

Flemorandun bi793 o f  July 1986. These f i g u r e s  are  f o r  a Five 

wat t  transmittset- a t  125 GtBps. They are conservative 

estimates based on a c t u a l  spacecraf t  resb. l ts,  although no 

i d e n t i c a l  system has y e t  been f lown. 

4.4 Flntenna Po in t i ng  &=curacy 

Rntenrla p o i n t i n g  accuracg i s  o f  paramount importar-ce 

du.e to the  poss ib le  s i g n a l  l o s s  fr-ir a poor ly  aimed 

high gain antenna. The t y p i c a l  accu.racies and r e s u l t s  

f o r  S- 2nd Ku-Band antennae are l i s t e d  i n  t a b l e  

4.4.1 

Table 4.4.1 

S-Band t/- .GE, deg. f o r  a 1 dB p o i n t i n g  l oss  

t/-,47 deg, f o r  a .5 dB p o i n t i n 9  105s 

Ku-Band t/-.26 dag. f o r  a 1 dB paint in&-  

t/-,18 deg. for  a . 5  dB m i n t  
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Rn t , -nna  Pnint-ins MPt .hn rk  

The rdauirement f o r  extreme accL -acg i n  p o i n t i n g  L i e  

SQGE a n t e n r x  w i l l  be met us ing the  prev ious ly  developed 

technology op program t rack  comparison. NRSQ o r b i t a l  

parameter d a t  I w i l l  p rov ide,  f o r  example. a rcrush p c i n t i n g  

vector t o  lock on t o  TDRSS. Comparison TS then made by 

compar ing phase d i f ferences between recei.vzng antennae and 

moving t o  mioimize t h e  phase d i f f e rence  and hence the  e r r o r  

is reduced. P G i n t i n g  losses o f  l e s s  then 1 dB have been 

reDeatedly achieved by LRNDSQT s a t e l l i t e s  using t h i s  

techniaue w h i l ?  l ock in9  on t o  TDRSS. The same method u i l l  

s u i t  t he  needs o f  SRGE w e l l .  

I n t e r n a l  ccmmunications, f o r  SkGE w i l l  c o n s i s t  o f  a f i b  

e r  o p t i c a l  aud in /v isua l  system throughout 311 rnodclles . Each 

o f  the fou r  circumferential modules will be equipped with 

two cameras (one per end) t,c Drovide f o r  saunding and 

s e c u r i t y  watch, as w e l l  as a d d i t i o n a l  camera setups as 

needed f o r  the  purpose o f  experiment moni tor ing.  The 

su rve i l l ance  ogstem w i l l  be t i e d  i n  t o  a c e n t r a l  v ideo 

c o n t r o l ,  which ~'-11 produce the  des i red view bJhen c a l l e d  

upon a t  the video s t a t i o n  also found i n  each module. 

4-7 
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The +Jideo s t a t i o n  i n  each module w i l l  c o n s i s t  o f  SI 

t a l e v i s i o n  mcnitor  and video access c o n t r o l s .  I n  a d d i t i o n  

t h e  modules w i l l  employ f i b e r  o p t i c a l  'voice l i n k ,  

c o n t r o l l e d  a t  t h e  v ideo  s t a t i o n .  The technology t o  be  sed 

is iden t i ca? .  t o  t h a t  a l r e a d y  p lanned  f'nr t n e  space s t a t i o n .  

The advantage o f  t h e  f i b e r  o p t i c s  s y s t . z m  is the lark o f  

r a d i o  f r e q u a x c J  i n t e r f e r e n c e  t h a t  is normally a s s o c i a t e d  

w i t h  t h e  conven t iona l  w i r i n g  s y s t e m s .  n l s o ,  t h e  fiber oDt ics  

s y s t e m  is l i g k t e r  and less voluminous a5 dell as h a v i n g  a 

greater data  r a t e  and volume c a p a b i l i t y  t h a n  previous 

s y s t e m s ,  

Each module w i l l  a l s o  employ r e l a t i v e l y  s i m p l e  

computers f o r  t h o  purpose o f  module housekeeping and d a t a  

handl ing  from E x p e r i m e n t s .  Due t o  t h e  e x t z n s i v e  d a t a  

p rocess ing  c a p a h i l i t i e s  on e a r t h  and ,  by conmarison, t h e  

space s t a t i o n ,  t h e  emphasis f o r  SRGE is o r  data t r a n s m i s s i o n  

to e i t h e r  t h e  E a r t h  through t h e  TDRSS L i T k ,  o r  to the space 

s t a t i o n ,  durins real t i m e .  Therefore, the  data sturage 

requi rements  aboard SRGE are  n o t  great.  There w i l l  be a 

t o t a l  of 6 magnt'tic d i s k  s t o r a g e  d e v i c e s  aboard each module, 

f o r  a t o t a l  o f  24, each having a capacity 3E9 byt .es  and 

an input /output ,  r a t e  o f  20 MBps. Weight,  mzuer and volume 

f o r  the des ign  data s t o r a g e  are  l i s t e d  i n  Table  4.5.1. 
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Table 4 . 7 . 1 :  P o w e r ,  Weight, and V o l u m e  

SRGE 

ITEM S i z e  (cu. i n . )  W t .  ( l b s )  Power (Watts) 

1 C o n t r o l  znd M o n i t o r  S u b s y s t e m  

Freq,  Standard 2473 10 

C&M Processcrs 1382 45 

C o n t r o l l e r  173 2 

2 Space t o  SPace S u b s y s t e m  ( K u - B a n d )  

T ransce iver  RSSY. 400 24 

Rntenna M o n i t o r  400 25 

S w i t c  h i n  3 1071 38 

P o i n t i n g  knt .  20 1 

R n t e n n a  Rssy. 1600 65 

Gimbal/Elect. 5182 150 

EUR Radio Rrsy. 500 10 

200 

100 

15 

30 

30 

50 

0 

60 

50 

48 
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Table 4 .7 .1  (Continued) 

3 Space t o  Ground Subsystem 

Ku-Band TFansc. 360 20 40 

Track in9 Rec , 360 25 25 

Qntenna GSSY. 2160 95 40 

GimbaS/El=ct. 5 182 150 50 

S-Band TDRSL 473 16 i a  
S-Band Rntenna 343 1.5 0 

4 I n t e r n a l  Qudio/Uideo 

Video Recc,-ders 2142 60 110 

Cameras 220 10 12 

Cam. Ccrntr-o 1 1000 13 30 

Monitors 900 10 30 

Sync. and Cuntro l  646 20 50 

k u d i o  Bus 72 2 8 

Handsets 2 10 3 5 

Terminals 84 4 4 

Cont ro l  P a n e l s  8 1 1 

5 S igna l  Procesring Subsystem 

17000 500 1EOO 

TOTFlLS 25.7 c u . f t . ,  1301 l b s . ,  2.8 kW 
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The t r a c k i n g  subsystem for SFIGE w i l l  employ the Global 

Pos i t i on ins  Eystem t o  prov ide p o s i t i o n  and v e l o c i t r  

information w i t h  accuracies o f  UP t o  10 me%ers i n  p o s i t i n n  

and .I meters/sec. i n  v e l o c i t y  using %ha r e s t r i c t e d  

p r i o r i t y  P-code, o r  in format ion one order o f  magnifude less 

accurate using the  C/R (coarse a c q u i s i t i c n )  code ava i l ab le  

t o  a l l  users. 

The t r z c 4 i n s  subsystem w i l l  b e  dua l  redixidant GPS 

systems cons is t ing  o f  t h e  GPS L-Band antenna, the  

receiver/processor uni t ,  and the  GPS i n t e r f a c e .  The 

receiver/processor u n i t  i s  capable o f  p o s i t i o n  and v e l o c i t y  

c a l c u l a t i o n  a f t e r  GPS s i g n a l  acqu is i t io r l  w i thout  beginning 

estimates. In add i t i on ,  the GPS l i n k  will prav ide an 

accurate, rwea ta t r l e  t ime s i g n a l  f o r  the  SQGE s a t e l l i t e .  

Tracking of nearbg o r b i t a l  ob jec ts  w i t h  GPS systems 

aboard w i l l  be accomplished by comparing GPS p o s i t i o n  f i x e s  

between SRGE an ob jec t  o f  t rack ing  i n t e r e s t .  The 

r e q u i r e m e n t  f o r  t r a c k i n g  OF non-GPS equippsd 5at.ell ites is 

n o t  a reauirer,ent o f  the  SQGE t rack ing  s~bsystem, b u t  may 

be accomodated by var ious means, t o  be discussed i n  t.he 

growth cmtions sect ion.  

4-12 
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4.9 TRRCKTNG GRfjWTH nPTTnNS 

CI number o f  t rack ing  opt ions are ava i l ab le  for  

expansion OF the t rack ing  f a c i l i t i e s  o f  SRGE, as SRGE 

missions requ i re  more r e f i n e d  systems and funds are 

ava i l ab le ,  These opt ions are  l i s t e d  i n  t a b l e  4,9.1 

TRBLE 4,9.1B:Growth Options 

1) X-Band Phased Rr rar  Radar: For missions i n v o l v i n g  non- 

GPS spacecrack w i t h i n  the 37 km range o f  the  space t o  5pace 

communicati.nt-ru system, 

2 )  (Jideo Tracking: Contrast lock video t rack ing  s i m i l a r  t o  

the  Navy’s TC‘S zont ras t  lock ta rge t i ng  sgatem on board the 

Grumman F-14R Tmmcat . .  Usefu l  f o r  EL4 and c l o s e - i n  veh ic le  

t rack  i n g  . 
3 )  Laser Rangefinding: S imi la r  t o  l ase r  weapon 

rangef ind ins equipment (TRQM) used aboard the  Navy’s 

Grumman FI -6E I r l t ruder  . 
4) Electro-optical Sensar: N a r r o w  f i e l d - o f - v i e w  t racke r  f o r  

smaller debr is  and ob jec ts .  

4-13 
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SRGE 

- 4.10 BNTFNNRE PfGTTTnNh R N n  TYPFS 

The th ree  m a j o r  antennae pos i t i ons  and types are 

l i s t e d  i n  t sb le  4.10.1. 

TRBLE 4.10.1 : Qntennae P o s i t i o n  and Type 

1) Space t o  Space : I3rrtni Rntenna, (21, Zenter Module, L o w -  

Medium Gain 

2 )  Space tr Ground : 9 meter Hiqh Gain Parabol ic  Rntenna, 

(11, Center Mcdule 

3 )  GPS L ink  : SGandard GPS Rntenna,!2), Center Module 

The anf.snnae pos i t i ons  are i nd i ca ted  in f i g u r e  4-10-2. 
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The cost p r e d i c t i o n s  f o r  major componen t s  o f  t h e  SRUE 

c o m m u n i c a t i a n  a n d  t r a c k i n g  subsystems are l i s t e d  i n  t a b l e  

4.11.1. 

TRBLE 4.11: C o s t  P r e d i c t i o n s  ( i n  t h o u s a n d s  o f  d o l l a r s )  

1) S D a c e  t o  Space G n t e n n a e  (2) 

2 )  %ace tr, Ground Rn tenna  (1) 

3 j  S-S Dual Band E l e c t r o n i c s  

4 )  S-S Gimbal  2 o n t r o l s  

5 )  S - G  E l e c t r o n i c s  

6 )  S - G  G i m b a l  C o n t r o l s  

7)  GPS L ink  ! c o m o l e t e , 2 j  

8 )  E x t e r n a l  Z imba l  Hardware  

9 )  On-Board Cata Storage 

10 ) Internal RL j i o / U i d e o  

11) F a b r i c a t i o n  

40 

20 

700 

350 

5.00 

250 

700 

1500 

100 

1800 

3000 

~~ 

TOTRL 9.98 M i l l i o n  
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5.0 ENVIRONMENTAL CONTROL AND LIFE SUPPORT SYSTEMS (EEL%)- 

The Spinning A r t i f i c i a l  Grav i ty  Environment iSGGEi  

provides f o r  iong-term inves t i ga t i ons  i n t o  the  e f f e c t s  of  a 

pseudo-9ravit.y environment on man i n  space. To f a c i l i t a t e  

t h i s  o b j e c t i e  the  need f o r  a closed loop, regenerat ive 

l i f e  support system i s  i m p e r i t i v e  t o  c rea te  and maintain d 

safe and comf or  \ab1 e environment. Thi 5 system w i  11 supply 

the consumables essent ia l  t o  human existence and wi 11 

provide a means t o  e x t r a c t  the by-products. These by- 

products w i l l  e i t h e r  be i s o l a t e d  f o r  disposal or 

regenerated +or subsequent consumption. In addi t ion,  the  

l i f e  support system w i l l  monitor t he  environment f o r  

condi t ions non-condicive t o  the human environment and 

provide f o r  i t s  correct ion.  

ECLSS onboard SAGE w i l l  be designed t-o operate i n  the  

m i  cro-gravi t y  environment produced by spin-up and w i  11 a1 so 

be capable of  cperat ion i n  a z e r o  g r a v i t y  environment 

during spin-down and i n i t i a l  set-up. Each module w i l l  

conta in  two four-man systems t h a t  can operate independently 

from the systems i n  other modules o r  i n  conjunct ion w i t h  

the  other modules t.hrough d i s t r i b u t i o n  systems. The 

independent operat ion mode meets t h e  requiremsnt f o r  a safe 

haven i n  t h e  event of a catast rophic  d isaster .  The ECLSS 

i n  each module w i l l  be capable of  support ing a crew o f  e i g h t  

f o r  28 days, i n  add i t i on  t o  food storage. The t w o  Sniir-man 

concept also provides f o r  redundency and thrr;ugb 
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d i s t r i b u t i o n  s ; = i s t e m s  i t  c o m p e n s a t e s  f o r  h i g h  use areas. N o  

E C L S S  is p r o v i d e d  f o r  t h e  c o n n e c t i n g  arms s i n c e  o n l y  a 

m i n o r  f r a c t i o n  of c r e w  a c t i v i t y  t a k e s  p l a c e  i n  t h e  a r m s  

( m a i n l y  a p a s s a g e w a y ) ,  however fans are p r o v i d e d  t o  smooth 

any g r a d i e n t s  i n  t e m p e r a t u r e ,  h u m i d i t y ,  or c o n s t i t u e n t s  

which migh t  a p p e a r  i n  t h e  a r m s .  

T o  p r o b i d e  c o m p a t a b i l i t y  w i t h  S p a c e  S t a t i o n  dnd s i n c e  

m o s t  r e s e a r c h  i n t o  long- t e rm,  s p a c e - b a s e d  l i f e  s u p p o r t  

s y s t e m s  is a r e s u l t  o f  S p a c e  Station, the ECLSS o n b o a r d  

S A G E  w a 5  d e v e l o p e d  f rom S p a c e  S t a t i o n  c o r I c e p t s .  ECLSS 

f u n c t i o n s  i n c l u d e  a t m o s p h e r e  control  and  s u p p l y .  a t m o s p h e r e  

r e v i t a l i z a t i c r , ,  t e m p e r a t u r e  and  h u m i d i t y  c o n t r o l ,  w a t e r  

recovery and  management,  w a s t e  management,  f i r e  d e t e c t i o n  and 

s u p p r e s s i  o n ,  f o o d  management,  and  p e r s o n a l  hyg i  Ene. 

5.1 ATMOSPHERE CONTROL AND SUPPLY (ACS) 

The FICS s y s t e m  is r e s p o n s i b l e  fo r  oxygen s u p p l y ,  

n i t r o g e n  s u p p l y ,  module  r e p r e s s u r i z a t i o n ,  and  t h e  

m o n i t o r i n g  of t h a  p a r t i a l  a n d  total  p r e s s u r e s  of gases 

p r e s e n t  i n  t h e  modu les  and  r e g u l a t i o n  of  t h e  a t m o s p h e r i c  

c o m p o s i t i o n .  

The m o n i t c r i n g  of  the p a r t i a l  p r e s s u - e s  of t h e  

a t m o s p h e r i c  c o n c t i t u e n t s  is p r o v i d e d  by  a m a s 6  s p e c t r o m e t e r  

which a n a l y s e s  t h e  a t m o s p h e r e  f o r  oxygen,  p i t r a g e n ,  c a r b o n -  

d i o x i d e ,  hydrogen, .  w a t e r  v a p o r ,  me thane ,  and  o t h e r  g a s e s  

which r e p r e s e n t  a l razard  t o  t h e  safe a p e r a t i u r r  

5-2 



ORIGINAL PAGE 1s 
OF POOR QUALITY 

One constituent analyser 1s placed in e a c h  module and each 

arm and provides a direct readout to the cnntrol center. 

The total pressure of the atmosphere is monitored 

directly in kdciition to the summation of the partial 

pressures of thb constituents. The cabin pressure is 

maintained at a total pressure of 14.7 psia. 

To  compensate for losses due to metabolic 

consumption, leakage, EVA,  and airlock ~ O S E ~ S ,  the monitors 

controi such functions as oxygen generation, carbon dioxide 

removai/reduction, nitrogen feed, venting, humidity 

control, and tha caution and warning syst~m. 

Oxygen is continuously generated and supplied to the 

cabin atmosphere via the Atmospheric Revitalization system. 

Control of this process is maintained by the ACS system to 

regulate the rate at which oxygen i 5  produced. All oxygen 

for SAGE use is provided by this system except f o r  

emergency repr-essurization (i.e. no o x y g e n  storage I S  

utilized). All oxygen generation units are centrally 

connected, and emergency or high use areas are compensated 

f o r  by use of a distribution system where oxygen can b e  

supplied to one area from a separate system. 

Nitrogen for atmospheric makeup is supplied ~ o l e l y  

from storage. Liquid nitrogen is stored in the central hub 

where it is boiled off at high pressure and fed into a low 

pressure gaseous nitrogen storage unit. Upor, demand of 

makeup, gaseous nitrogen is supplied, through the 

distribution system, to any module or  a r m .  Thi. 
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entirely open loop (i-e. non-regenerative) and requires 

that liquid nitrogen is initially present, sufficient f o r  

the 180 day resupply period. Upon resupply ,  the l i q l l i d  

nitrogen t a n k s  are topped  off. 

The ACS system provides for the emergency venting of 

the entire atmcsohere of one module. A module's atmosphere 

is vented indepzndently of the other modules, and Qne such 

system is present for each module. The nezd for emergency 

venting may arise from some catastrophic disaster such as 

shell penetration, fire, or  chemical leak. The valves 

necessary for this subsystem are located in the bulkhead 

and can be operxted either manually or autumatically. 

FIs a complimentary system to the emergency venting 

system, a repressurization system is also provided. This 

system has the capability t o  recharge a s i rrq le  module to 

normal atmospheric pressure within any ono resupply period. 

One system is present for each module anc consists of high 

pressure gaseous nitrogen and oxygen tanks external to the 

module. The tanks are maintained at approx imatel y 3000 

p s i a  and are coniiected through the oxygen and nitrogen 

distribution systems. This  system will be only manually 

activated and can repressurize a module within five 

minutes. 

5.2 ATMOSPHERIC REVITALIZATION (AH) 

The AH system regenerates the cabin atnospt 
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p r o v i d e  a safe and h a b i t a b l e  e n v i r o n m e n t  f o r  t h e  c r e w .  AR 

+ u n c t i o n s  i n c l h d e  O x y g e n  S u p p l y ,  Carbon d i o x i d e  Hemovai, 

Carbon d i o x i d e  R e d u c t i o n ,  and  Trace C o n t a m i n a n t  Mimitori ng  

and  C o n t r o l .  

5.2.1 Oxvsen S u n p l y  

Oxygen is s u p p l i e d  f r o m  a s t a t i c  f ~ ~ d  w a t e r  

e l e c t r o l y s i s  p r o c e s s  c o n s i s t i n g  of  a series of  

e l e c t r o c h e m i c a l  cel ls  c o n n e c t e d  e l e c t r i c a l l y  i n  series. A s  

electr ical  prrwer is s u p p l i e d  t o  t h e  e l e c t r o d e s ,  w a t e r  is 

P l e c t r o l y z e d  g e , i e r a t i n g  oxygen and hydrogen .  The 

e l e c t r o l y s i s  creates a n  e l e c t r o l y t e  c o n c e n t r a t i o n  g r a d i e n t  

be tween  t h e  f e e d  w a t e r  and  t h e  e l e c t r o l y t e  i n  the 

e l e c t r o c h e m i c a l  cel ls .  Water d i f u s s e s  f r o m  the feed system 

i n t o  the cells diie t o  the e l e c t r o l y t e  g r a d i e n t ,  and  w a t e r  

f rom the feed s y s t e m  is r e p l e n i s h e d  f rom s u p p l y  t a n k s .  

I n c o r p o r a t e d  i n t o  the e l e c t r o i y s i s  s y s t e m  is a p r e s s u r e  

c o n t r o l l e r  t o  m a i n t a i n  t h e  p r e s s u r e  d i f f e r E n t i a 1  n e c e s s a r y  

f o r  t h e  l i q u i d l g a s  e x c h a n g e  w i t h i n  t h e  cell=. O x y g e n  is 

s u p p l i e d  t o  t h e  c a b i n  a t m o s p h e r e ,  and  h y d r c q e n  is f e d  t o  

the c a r b o n  d i o x i d e  r e d u c t i o n  p r e c e s s .  

5.2.2 Carbon n ; o : i d e  Removal 

Man g e n e r a e e s  a p p r o x i m a t e l y  2.2 l b s .  of c a r b o n  

d i o x i d e  per man p e r  day .  This amoun t s  t o  17.6 l b s .  of 

c a r b o n  d i o x i d e  p e r  d a y  f o r  a n  e ight -man c r e w -  f i t  a b o u t  3% 

of t o t a l  a t m o s p h e r i c  p r e s s u r e  t h i s  c a r b o n  d i o x i d e  becomes  

t o x i c ,  a n d  a c t i v e  C 0 2  removal  s y s t e m s  are n e c e s s a r v  t o  

m a i n t a i n  t h e  p a - t i a l  p r e s s u r e  w i t h i n  t o l e r a b l e  
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T h i s  is a c c o m p l i s h e d  by t h e  p r e f e r e n t i a l  a b s o r b t i o n  

of CO2 by a zeolite or m o l e c u l a r  s i e v e .  T h i s  m a t e r i a l  has 

the a f f i n i t y  t o  a b s o r b  m o l e c u l e s  of a g i v e n  size ( i . e .  4 

A n g s t r o m s ) .  Because t h e  e f f i c i e n c y  o f  these s i e v e s  is 

i n v e r s e l y  p r o p u - t i o n a l  t o  t h e  amount o f  CO2 a l r e a d y  

a b s o r b e d ,  t w o  of t h e s e  sieves are u s e d  a l t e r n a t i v e l y ,  o n e  

a b s o r b i n g  COZ w h i l e  t h e  o t h e r  is d e s o r b i n g .  I n  a d d i t i o n ,  

t w o  s i l i c a  g e l  b e d s  are u s e d  to p r e v e n t  warer v a p o r  f r o m  

e n t e r i n g  t h e  p o l e c u l a r  s i e v s s  s i n c e  t h e s e  s i e v e s  h a v e  a 

p r e f e r e n t i a l  a f f i n i t y  f o r  w a t e r  o v e r  COZ. ( S e e  Figure 

d-2.2-1) I c 

A i r  is c h i l l e d  t o  condense water vapor f o r  removal, 

and t h e n  the p a r t i a l l y  d r i e d  a i r  is f o r c e d  i n t o  t h e  s y s t e m  

t h r o u g h  t h e  +irEjt s i l i c a  gel bed where  t h e  r e m a i n d e r  of  

w a t e r  v a p o r  i 5  removed. From t h i s  bed  t h e  a i r  goes t o  the  

m o l e c u l a r  s i e v e  where  m o s t  of t h e  CO2 is removed.  T h e  CD2 

d e p l e t e d  a i r  is chen h e a t e d  and  e n t e r s  t h e  s e c o n d  s i l i c a  

g e l  bed  where  m m i s t u r e  a b s o r b e d  f r o m  a p r e v i o u r ;  c y c l e  is 

d e s o r b e d  i n t o  t h e  airstream for -  r e t u r n  t o  the  c a b i n  

a t m o s p h e r e .  Bokh sets of s i l i c a  gel beds a n d  m o l e c u l a r  

s i e v e s  are o p e r a t e d  a l t e r n a t i v e l y  f i r s t  a b s o r b i n g  e i t h e r  

w a t e r  v a p o r  or 502 t o  t h e i r  c a p a c i t y  and  t h e n  d e s o r b i n g  t o  

e i t h e r  t h e  e x i t i n g  a i r  s t r e a m  ( w a t e r  v a p o r )  or f e d  t o  t h e  

c a r b o n  d i o x i d e  r e d u c t i o n  s y s t e m  (COZ). 

5.2.3 Carbon d i o x i d e  R e d u c t i o n  

Carbon d i o x i d e  r e d u c t i o n  is a c c o m p l i s h e d  u s i n g  t h e  

Bosch p r o c e s s  where  one mole of COZ combinks  w i .  -1  es 
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of HZ t o  form one mole of carbon and t w a  ,mles of w a t e r  

vapor. T h i s  reac t ion  occurs a t  approximately 9 8 O - 1 3 4 O 0 F  

and is aided by an i r o n  ca ta lys t ,  s h o w n  below. 

COZ + ZHZ ___c C + ZHZO 

I n  p rac t ice ,  t h i s  process achieves about 10% eSf ic iency i n  

a s i n g l e  pass. This i s  compensated f o r  by recyc l i ng  t:ie 

process gases ar.d the  continuous removal c-f carbon and 

water vapor. (See Figure 5.2.3-1). 

Gases are continuously recycled through the  system by 

a compressor. A f te r  leav ing the compressor, the gases are 

heated p r i o r  to enter ing t h e  reactor.  Ins ide  the  reactor ,  

COZ and HZ are reacted over an i r o n  c a t a l y s t  bed t o  produce 

carbon and water vapor. The e x i t  gases p a r t i a l l y  depleted 

of  COZ and H2 l e a v e  the  reactor  at approximately 1 2 i j G ° F ,  

and are passed i n t o  a heat exchanger t o  heat the gases 

enter ing t h e  reactor. The mixture is then forced i n t o  a 

condensor where water vapor i 5  separated and co l lected,  and 

the  the mixture is returned t o  the compressor. Condensed 

water is fed  i n t o  the  Water Recovery and Management System. 

5.2.4 Trace Contaminant Moni t o r i n q  and ContLo_L 

Trace contaminant monitor ing is achievEd w i th  a dual 

system cons is t ing  of gas chromatography and mass 

spectrometer cnmbination. T h i s  system u t i i i z e s  the 

advantages of eacCl subsystem to separate and i d e n t i f y  

expected contamina3ts. The gas chromatography provides 

separation of  contaminants i n t o  s p e c i f i c  categor ies such as 

alcohols, aldehydes, and ethers. Once separater 
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categories, the  ma55 spectrometer determii>es the specific 

compound present. The outputs of  these s ~ n 5 o r s  are  

connected t o  the  con t ro l  center t o  provide a r-unninq 

average of compounds present i n  t h e  cab] n atmosphere. 

Expected sources of  contaminants a re  metabolic 

processes and d f -gases  of  v o l a t i l e  gasses from p las t ic ;  

and coatings. Zontaminants from specif i i :  chemicals kept 

onboard SAGE have i n d i v i d u a l  "co lor  change" s e n s o r s  t o  

detect  chemical s p i l l s .  

T o  con t ro l  contaminants, SAGE u t i l ' . zes  th ree  

d i f f e r e n t  subsystems. Spec i f i c  sorbents are provided t o  

absorb ammonia, carbon monoxide, hydrogen, and ac id  gases. 

I n  addi t ion,  a carbon bed is used t o  absorb contaminants 

and odor. These subsystems are non-regenerative and m u s t  

b e  replaced a t  each 180-day resupply. Contaminant c c n t r o l  

also u t i l i z e s  cz. h igh  temperature c a t a l y t i r  ox id i ze r  to 

ox id i ze  contaminants present i n  t h e  cabin atmosphere f o r  

t h e i r  subsequent removal. 

5.3 TEMPERnTURE AND HUMIDITY CONTROL (THC) 

The THC system provides a means t o  regu la te  and 

maintain the  temperature and humid i ty  of  t h e  cabin 

atmosphere. (See Figure 5.3-1 1 

The system cons is ts  of  a fan and condensing heat 

exchanger sub assemblies. Warm, moist a i r  i s  drawn i n t o  

the  system by the fan, and a p o r t i o n  of  t h e  a i r  i 
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and p a r t i a l l y  dried. Water i s  separated and cn l l ec ted  and 

red to t.he histet- Recovery and Managemerit. S y s t t e n i .  the  cool ,  

dry a i r  i s  then mixed w i t h  t he  bypass a i r  f o r  r e t u r n  t o  the 

cabin. Temperiture i s  maintained by varying the  amount of  

air enter ing  t h z  heat exchanger and bypassing the heat 

exchanger. 

The THC system i s  designed t o  remove a maximum of 

6500 Watts 04  sensib le  and l a t e n t  heat from the  cabin a i r ,  

and the  temperature i s  maintained between 6 5 O F  and 75OF. 

The humid i ty  i s  25-75%. 

A forced convection f l ow  path for operat ion at z e r o  

g r a v i t y  is used. Warm a i r  is drawn from +:he ceiling of the 

module where i t  i s  cooled and condensed. Cool, dry  a i r  i s  

then d i rec ted  through ducts where i t  enters  the  module a t  

the  f l o o r .  The TLtC system employs a p a r t i c l e  f i l t e r  a t  i t s  

i n take  t o  remove debr i s  from the  a i r  and s i l ence rs  a t  the  

i n take  and exhausi t o  reduce noise i n  the  crew 

compartments. 

The THC system i s  the  i n i t i a l  staging po in t  f o r  AK 

funct ions,  COZ Removal and Trace Contaminant Control.  fi 

p o r t i o n  of t he  TkK output i s  d i rec ted  i n t o  the  CO2 Removal 

System where  i t  erl ters t h e  s i l i c a  ge l  bed. The output of 

t he  C02 Removal System i s  at t he  i n t a k e  of t he  THC. 

Another p o r t i o n  o f  t h e  THC output i s  d i rec ted  t o  the  

Trace Contaminant Control  unit. Here the  inpcted a i r  i s  

f i l t e r e d  t o  remove any contaminants, and t h e  f i l t e r e d  a i r  

i s  outputed i n t o  t h e  o u t p u t  of the  THC f o r  retui 
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,-abln a tmosphe re .  

Each modLle c o n t a i n s  a THC u n i t ,  and  c o n d i t i o n i n g  of 

air w i t h i n  t h e  c o n n e c t i n g  a r m s  is h a n d l e d  w i t h  c i r c u l a t i o n  

fans. The v a s t  m a j o r i t y  o-f c r e w  a c t i v i t y  is e x p e c t e d  t o  

take  p l a c e  w i t h i n  t h e  modules ,  and  t h e  g r e a t e s t  loads are 

e n c o u n t e r e d  t h e r e .  The c i r c u l a t i o n  f a n s  p r o v i d e  suff i x i e n t  

m a s s  f l o w  fo.- m a i n t a i n i n g  t h e  a t m o s p h e r e  w i t h i n  t h e  a r m s  

and s m o o t h i n g  a iy  g r a d i e n t s  i n  t e m p e r a t u r e ,  h u m i d i t y ,  or 

c o n s t i t u e n t s .  

5.4 WATER RECOVERY BND MANbGEMENT (WKM) 

The WHM s y s t e m  p r o v i d e s  t h e  c o l l e c t i o n ,  p r o c e s s i n g ,  

and  d i s p e n s i n g  of w a t e r  f o r  a l l  SAGE needs .  P r e t r e a t m e n t  

of w a s t e  w a t e r  to p r e v e n t  c h e m i c a l  breakdown and  m i c r o b i a l  

g rowth  p r i o r  t o  p t - o c e s s i n g  and  p o s t - t r e a t m e n t  and  

m o n i t o r i n g  s y s t e m s  t o  e n s u r e  w a t e r  q u a l i t y  p r i o r  t o  use are 

p r o v i d e d .  

The c o l l e c t i o n  of  w a t e r  is d i v i d e d  i n t o  t w o  

c a t e g o r i e s ,  p o t a b l e  w a t e r  a n d  h y g i e n e  w a t e r .  F o t a b l e  w a t e r  

is u s e d  t o  s u p p l y  d r i n k i n g  r e q u i r e m e n t s  a n d  t h e  p r e p a r a t i o n  

of f o o d .  S o u r c e s  f o r  p o t a b l e  w a t e r  co l lec t ion  are THE, EO2 

R e d u c t i o n ,  and  r e s u p p l y .  Hyg iene  w a t e r  is a l l  w a t e r  which 

may come i n t o  contac t  w i t h  the c r e w .  I t  is u s e d  i n  t h e  02 

g e n e r a t i o n  p r o c e ~ s ,  u r i n e  f l u s h i n g ,  shower ,  h y g i e n e  and  

hand w a s h e r s ,  d i s h w a s h e r ,  l a u n d r y ,  and  a n y  o t h e r  s v s t e m  

r e q u i r i n g  p u r i f i e d  w a t e r .  S o u r c e s  of hygier ic  w z  
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r - o l  l e t - t  i o r i  irbcltidea thygierre and hand w l r s t >  w d - t e  w < i t t r . r ,  

w a s t e  p o t a b l e  c r a t e r ,  g a l l e y  w a s t e  w a t e r ,  d i s h w a s h e r  w a t e r ,  

shower  w a t e r  , l a u n d r y  w a t e r ,  and p r o c e s s e d  urine. 

A f t e r  c o l l e c t i o n ,  p o t a b l e  w a t e r  is pi -ocessed  u s i n g  a 

+our s t a g e  r n u l t i f i l t r a t i o n  s y s t e m .  The f i r s t  s t a g e  is a 

l a r g e  p a r t i c l e  f i l t e r  t o  remove a n y  la rge  m a t t e r  in t t t e  

w a t e r .  The s a c o n d  s tage is a n  a b s o r b t i o n  bed  which 

c o n ! s i s t s  o f  a s p e c i f i c a l l y  s e l e c t e d  g r a n u l a r  a c t i v a t e d  

c a r b o n .  The c a r b o n  h a 5  a p o r e  s t r u c t u r e  crhich i n c l u d e s  a 

w i d e  v a r i e t y  of  sizes t o  c a p t u r e  m o l e c u l e s  of t h e  lightest 

c h a r g e d  o r g a n i c  mater ia l .  The t h i r d  s tacp is a n  i o n  

e x c h a n g e r  c o n s i s t i n g  of a s p e c i f i c a l l y  s e l e c t e d  b l e n d  of  

d e i o n i z i n g  r e s i n s .  The f o u r t h  stage i 5  a s t e r i l i z a t i o n  

f i 1 ter . 
F o l l o w i n g  p r o c e s s i n g ,  t h e  w a t e r  is checked by a n  on- 

l i n e  w a t e r  q u a i i t y  m o n i t o r  and  pumped i n t o  a f i l l  t a n k .  

The w a t e r  q u l a i t y  m o n i t o r  samples t h e  w a t e r ,  d e t e r m i n i n g  

pH, c o n d u c t i v i t y ,  and  t o t a l  o r g a n i c  carboi l .  T h e r e  are four 

tanks u s e d  i n  e a c h  module d e s i g n a t e d  a s  f i l l ,  test, s t a n d -  

by, a n d  use. flrice a t a n k  has been  f i l l e d ,  i t  becomes t h e  

test  t a n k  and is t e s t e d  fo r  b a c t e r i a  c o n t e n t  p r i o r  t o  use. 

A f t e r  t h e  test h a s  p a s s e d  t h e  b a c t e r i a  test i t  is 

d e s i g n a t e d  s t a n d - b y  and  is f i t  f o r  human consumpt ion .  Once 

t h e  use t a n k  is empty ,  i t  becomes t h e  n e x t  f i l l  t a n k ,  and  

the s t a n d - b y  becomes t h e  use t a n k .  S h o u l d  a t a n k  f a i l  

e i t h e r  t h e  w a t e r  q u a l i t y  m o n i t o r  or b a c t e r i a  tes t ,  t h e  

w a t e r  is r e t u r n e d  to  a col lec t ion  t a n k  f o r  r e p r r  
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Af te r  r - o l  1 e c t i  on, hygiene water i s processed i n  a 

separate m u l t i . : i l t r a t i o n  system. 

A f te r  processing, hygiene water i s  tes ted  usino a 

separate water q u a l i t y  monitor and b a c t e r i a l  test. F a i l u r e  

t o  pass these t e s t s  causes the water t o  be returned +or  

reprocessing. Hygiene water i s  a lso  s tcred as i s  potable 

water consistrng o f  f i l l ,  tes t ,  stand-by, and u5e tanks. . 

The  prccessing of u r i n e  requi res add i t iona l  treatment 

from the  r e s t  0,: the  hygiene r e t u r n  water. F i r s t ,  t h e  

u r i n e  is pret reated t o  s t a b i l i z e  the  ur ine,  prevent ing 

enzymic breakdown t o  ammonia and prov id ing  a bar t o  

bac te r ia l  grorvth. This i s  accomplished w i th  s u l f u r i c  ac id  

and oxone. T h e  s u l f u r i c  ac id  reduces the pH and s t a b i l i z e s  

ammonia a5 ammonia su l fa te .  Oxone. i n h i b i t s  b a c t e r i a l  

act i v i  ty.  

Fol lowing pretreatment, u r i n e  undergaps a i r  

evaporation or wick evaporation. A w i c k i y  mater ia l  i s  

saturated w i t h  the pret reated ur ine,  and water i 5  

evaporated from the wick by fo rc ing  heated a i r  past the  

wick. So l ids  are trapped i n  the  wick. When s o l i d s  have 

been s u f f i c i e n t 1 . l  deposited on the  wick t o  reduce 

e f f i c i ency ,  t h e  v i ck  i s  d r i e d  and removed f o r  disposal. 

Water recovered from t h i s  process i s  fed  i n t o  the  hygiene 

water c o l l e c t i o n  tank f o r  f u r t h e r  processing. 

5.5 WCISTE MANCGEMENT 
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5.5. 1 Feces ant. V o m i t u s  C o l l  ecti on and  P r o c e s s i n q  

Feces and v o m i t u s  are collected i n  an  as E a r t h - l i k e  

manner as p o s s i b l e .  Waste p r o d u c t s  are c a l l e c t e d  i n  the 

commode a i d e d  by a i r  t r a n s p o r t  f o r  z e r o  g r a v i t y  LISP. The 

w a s t e s  a r e  removed i n  t h e  f a n  s e p a r a t o r ,  and s u b s e q u e n t l y  

a i r  d r i e d .  The dastes are c o l l e c t e d  i n  one use c o n t a i 8 3 e r s  

t h a t  p r a v i d e  m i c r o b i a l  p r a t e c t i o n  t o  t h e  c r e w  and  

f a c i l i t a t e  c r e w  s e r v i c i n g .  The e n t i r e  c o n t a i n e r  is t h e n  

p l a c e d  i n t o  a t r a s h  c o m p a c t o r ,  and  a r e p l a c e m e n t  is 

i n s t a l  1 e d  i n t o  t h e  commode. 

Dual o d o r / b a c t e r i a  f i l t e r s  are p r o v i d e d  a t  t h e  

e x h a u s t  of t h e  fan s e p a r a t o r s  t o  p r e v e n t  n o x i o u s  odors and  

p r o t e c t  t h e  c a b i n  a tmosphe re .  

5 .5 .2  T r a s h  C o l l e c t i c r n  and  P r o c e s s i n q  

S o l i d s  f o r  d i s p o s a l  a5 t r a s h  are c o l l e c t e d  i n  a bag 

s y s t e m .  C o n t i n u o u s  a i r  f l o w  o v e r  t h e  t r a s h  is p r o v i d e d  f o r  

d r y i n g  a n d  t o  keep t h e  t r a s h  i n  t h e  c o n t a i n e r  when i t  is 

opened  i n  t h e  zero g r a v i t y  5 i t u a t i o n .  When t h e  baq becomes 

f u l l  i t  is p l a c e d  i n t o  t h e  t r a s h  compac to r  which h a s  a 

c o m p a c t i o n  r a t i o  of a p p r o x i m a t e l y  2O:l. T h e r e  is a t r a s h  

compac to r  i n  e a c h  module.  

F o l l o w i n g  c o m p a c t i o n ,  t h e  t r a s h  is s t a r e d  i n  

d e s i g n a t e d  s t o r a g e  bays f o r  removal upon r e s u p p l y .  

5.6 FIRE DETECTIDN AND SUPPRESSION (FDS) 

The FDS s y s t e m  p r o v i d e s  the s e n s o r s  and su 
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t o  e x t i n g u i s h  any  f i r e  on SAGE. Each modc le  a n d  a r m  h a s  

its own s u b s y s t e m  which d e t e c t s  t h e  p r e c e n c e  and  s p e c i f i c  

l o c a t i o n  of rl f i r e .  I n  a d d i t i o n  t o  s e n s o r s  and  

s u p p r e s s a n t s ,  the F D S  s y s t e m  i n c l u d e s  t h e  d i s t r i b u t i o n  

s y s t e m  and  emer3ency  b r e a t h i n g  p a c k s .  

F i r e  d e t e c t i o n  s e n s o r 5  are p r o v i d e d  t h a t  are c a p a b l e  

o f  d e t e c t i n g  a f i r e  a t  a n y  s t a g e  of deve lopmen t .  T h e s e  

i n c l u d e  i o n i z a t i o n ,  t h e r m a l  and  i n f a r e d  s e n s o r s .  Once a 

f i r e  h a s  been d e t e c t e d  and  l o c a t e d  t h e  s e n s o r s  o u t p u t  t o  

the c a u t i o n  and  w a r n i n g  s y s t e m  t o  sound  an a l a r m .  O u t p u t  

is also c o n n e c t r d  t o  t h e  c o n t r o l  c e n t e r  t o  p r o v i d e  a v i s u a l  

alarm f o r  t h e  loza t ion .  

F i r e  s u p p r e s s i o n  sub s y s t e m  c o n s i s t s  of p o r t a b l e  CO2 

e x t i n g u i s h e r s  f o r  s m a l l ,  local f i r e s  a n d  COX p o r t s  f o r  

s u p p r e s s i o n  of: l a r g e r  f i r e s .  The s u p p r e s s i o n  s u b  s y s t e m  

also h a s  the c a p a b i l i t y  t o  dump CO2 i n t o  a module t o  

c o m p l e t e l y  e x t i n q u i s h  a l a r g e  scale f i r e .  The a t m o s p h e r e  

i n  t h i s  module becomes u n u s a b l e  f o r  human e x i s t a n c e ,  a n d  a n  

alarm w i l l  s ound  p r i o r  t o  t h i s  e v e n t  t o  a l l o w  f o r  

e v a c u a t i o n .  The s u p p r e s s i o n  p o r t s  are  c o n n e r t e d  t h r o u g h  a 

d i s t r i b u t i o n  s y s t e m  t h a t  c a n  be a c t i v a t e d  a u t o m a t i c a l l y  or 

manua l ly .  The d i s t r i b u t i o n  s y s t e m  is c o n n e c t e d  t h r o u g h o u t  

e a c h  module and  E o n n e c t i n g  a r m .  

Emergency h i - ea t t . i ng  p a c k s  are p r o v i d e d  t o  t h e  c r e w  

f o r  e v a c u a t i o n  p u r 7 o s e s  or f o r  f i g h t i n g  t h e  -Fires. 

5.7 FOOD MANCIGEMENT 
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The Food Management s y s t e m  c o n s i s c s  of t h e  h a r d w a r e  

n e c e s s a r y  t o  store, p r e p a r e ,  d i s p e n s e ,  s e r v e  aiid consume the 

f o o d  a n d  t o  c l e a n  up  a f t e r  p repara t ion .  T h e  s y s t e m  w i l l  

s a t i s f y  t h e  need  t o  accomidate o n e  t o  e i g h t  m e a l s  p e r  

s e r v i  nq. 

S t o r a g e  s p a c e  w i l l  be p r o v i d e d  f o r  a 180-day s u p p l y  of 

a m b i e n t ,  r e f r i g e r a t e d ,  and f r o z e n  f o o d  fix- a n  e ight -man 

c r e w .  The  g a l l e y  area p r o v i d e s  s t o r a g e  f o r  o n l y  14 day5 of  

f o o d ,  arid thiz r e m a i n d e r  1s c o n t a i n e d  i n  a l o g i s t - l c s  module.  

The l o g i s t i c s  r m d u l e  h a s  t h e  c a p a c i t y  f o r  62 c u b i c  f e e t  o f  

r e f r i g e r a t e d  food and 126 c u b i c  f e e t  of f r o z e n  f o o d .  The 

g a l l e y  has t h e  c a p a c i t y  t o  h o l d  15 c u b i c  +eet of 

r e f r i y e r a t e d  and 30 c u b i c  f e e t  of f r o z e n  dood. The 

r e f r i g e r a t i o n i f r e e z e r  s u b  s y s t e m  is a c h i e v e d  u s i n g  a v a p o r  

c o m p r e s s i o n  prcjcess w i t h  f r e o n  a s  t h e  work ing  s u b s t a n c e .  A 

d o u b l e  i s o l a t i o n  f e a t u r e  is i n c o r p o r a t e d  i n  t h e  f r e o n  l o o p  

t o  p r e v e n t  c o n t a , , i i n a t i o n  of the c a b i n  a t m o s p h e r e .  

The g a l l e y  also p r o v i d e s  f o r  t h e  p r e p a r a t i o n  of f o o d  

i n c l u d i n g  d e f r o s t i n g ,  h e a t i n g  p r e c o o k e d  f o o d ,  and  b a k i n g  

uncooked f o o d .  T h i s  is a c c o m p l i s h e d  w i t h  a n  a v f n  which  i s  

c a p a b l e  of  o p e r a t i n g  a s  a microwave ,  f o r c e d  a i r  c o n v e c t i o n ,  

or c o n d u c t i o n  oven.  U t e n s i l s  and  o t h e r  s m a l l  a p p l i a n c e s  are 

a l s o  s u p p l i e d  a s  : ) a r t  o f  t h e  g a l l e y  equ ipmen t .  

To a i d  i n  t h e  c l e a n  up of  d i s h e s  a s p r a y  t y p e  w a s h e r  

is i n c l u d e d  i n  tlie g a l l e y .  The d i s h t u b  is d e s i g n e d  t o  s p i n  

i n s i d e  t h e  d i s h w a s h e r  t o  p r o v i d e  a n  e v e n  c l e a n i f  and  
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a n  a i r lwa te r  z e p a r a t e r  is p r o v i d e d  f o r  ztar-0 g r a v i t y  

o p e r a t i o n .  

5.8 FERSONFIL HYGIENE 

P e r s o n a l  Hyg iene  s u b  s y s t e m s  w i  1 1  c o n s i s t  of har.d 

w a s h e r s ,  s h o w e r s ,  a n d  1 a u n d r y  f aci 1 i ties. T h e s e  SLID s y s t e m s  

use w a t e r  f r o m  t h e  h y g i e n e  w a t e r  s y s t e m  i n c l u d i n g  oral 

h y g i e n e ,  a n d  local h e a t i n g  is s u p p l i e d .  A shower  is 

a v a i l a b l e  i n  t w o  of t h e  modules ,  a n d  a hand washer  is 

a v a i l a b l e  i n  e a c h  module and  s u p p l i e d  i n  c o n j u n c t i o n  w i t h  

the commode a s s e u b l y .  Only  o n e  w a s h e r / d r y e r  s u b  s y s t e m  i s  

p r o v i d e d  to SAGE.  I n  a l l  cases t h e  Personai Hygiene  s y s t e m  

USES an a i r  ass i s t  f o r  o p e r a t i o n  i n  z e r o  g r a v i t y .  T h i s  

r e q u i r e s  a n  air/water s e p a r a t e r  common t o  e a c h  sub s y s t e m .  

The showers are a f u l l  body a p a r a t u s  w i t h  no  s h a r p  

c o r n e r s  p r e v e n t i o g  i n a c c e s s a b l e  areas f o r  w a t e r  c l e a n  up. 

611 w a t e r  u s e d  f o r  s h o w e r i n g  is c o n t a i n e d  i n  t h e  e n c l o s u r e ,  

and  a p o r t a b l e  vacuum is p r o v i d e d  f o r  c l e a n  up in z e r o  

g r a v i t y .  

The w a s h e r l d r y e r  s u b  s y s t e m  o p e r a t e s  i n  the s a m e  

manner as conveq t . i ona1  washer  / d r y e r  c o m b i n a t i o n s .  The 

washer  uses w a t e r  a n d  s o a p  t o  c l e a n s e  c l o t h i n g .  A f t e r  t h e  

wash c y c l e ,  c l o t h e s  are r i n s e d ,  and  a m a j o r i t y  of t h e  r i n s e  

w a t e r  is c o l l e c t e d  i n  t h e  s p i n  c y c l e .  T h i s  i 4  r e t u r n e d  t o  

t h e  WRM s y s t e m .  

The d r y e r  is a hot a i r ,  t u m b l e  process wht - r  
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I S  passed through the dryer w h i l e  the clothes a r e  C u m b l t i c i  t.c-, 

aid in d r y i n g .  A filter is placed at thrr exhaust o f  t h e  hot 

a i r  to t r a p  any l e n t  removed in t h e  drying process. 
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6.0 Propulsion -_-__ - System --_--- Drivers - ---- 

SAGE demands on a propulsion system include long component. 

lifetimes, ease of maintenance and replacement, reliability, 

redundancy, commonality with other systems. low enviromsntal 

contamination, cost efficient consumable storage and resupply, 

satisfactory automation, low c o s t ,  and safety. This system will be 

used for altitude control, spin dynamics, atti-tude control, 

collision avoidanca, and rendezvous maneuvers with the NASA space 

station(SS). Licked to the chosen orbit for SAGE, are several other 

unique considerations. For drag adjustment, continuous low-thrust 

makeup will impose longer duty cycles for the thrusters, but will 

allow stationkeeping and the benefit of using continuously producod 

waste gases. A 18C1 day resupply period will require sufficient 

storage without baing too voluminous. A sun pointing spin vector 

will need to be precessed one degree every day. The large moment of 

inertia about the spin axis(5.7~10*7 slug-ft*Z)will require large 

torques to precess, s p i n  up ,  and d e s p i n .  F i n a l l y ,  SAGE i s  designed 

f o r  a 30 year lifatime. 

-------- 6.1 Orbit Data 

The orbit of SAGE was chosen to optimize several factors, but mainly 

to serve as support to the NASA SS. By serving as ’ -unicat ions 

.for the link, recreation and recuperation facility, and si 

NASA station--the two would be synergistic. From 2stimates, 
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the SS altitude will vary from 200 nm at resupply to 250 nm right 

after boost. SAG2 will maintain an altitude around h=223 nm 

depending upon SS soparation. The eccentricity will bo z o r o  an(] Lhe 

inclination will be 2 8 . 5  degrees(consistent w i t h  the S S ) .  This 

establishes a pariod of 92.7 min, with 15.53 orbits per mean solar 

day, and a shacicw time of 36 min. SAGE forward velocity is 7.6641 

km/sec. For this orbit, the neutral atmospheric density is 

7.718x1OA-12 kg/m'3, and the atomic oxygen prssent is 100 

atoms/cmn3. 

__--_____-- 6.2 Thruster Background ---- 

As mentioned, the large mass and moments of inertia of SAGE dictate 

thruster control. No provision is made for any other attitude 

control system except for magnetic coils. Various thrusters 

(monomethylhydrazine, bipropellant nitrogen tetraoxido)were examined 

but gaseous warm or cold 02/H2 thrusters complemented by 

multipurpose reslstojet thrusters were chosen(see figure 6.2-1). 

Typically, the G02/C-;H2 system has much higher thrust(on the order of 

l0)than the resistojets. 

Prototype G02/GH2 thi-usters have a 25 lbf thrust level, mixture 

ratios of 0 2 : H 2  varying from 3-8:1, specific thrusts of 360-405 sec, 

total impulses ob 2 million lbf-sec, maximum steady-state thrust 

chamber temperatures of 850 F(indicative of long life), long 

duration firings of 1868 sec, over 10,000 pulses during operation, 

combustion chamber pi-essures of 100 psia, and t o t a l  *-'-ts of 8.25 

lbm per thruster. 02 is injected into an annular I chamber 

where it mixes with H2 and is ignited by a spark e H2 is 
6-2 
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used to cool the khruster, and this serves to condition the H2 for 

ignition. When electrolysis of H 2 0  provides tho gases, a n i x + i i r o  

ratio of 8 : l  is used if total fuel consumption is required. This 

lowers the specific thrust to 360 sec. 

Prototype resistoiet thrusters(see figure 6.2-1, table 6 . 2 - 1 )  can 

operate on H20, C C 2 ,  C H 4 ,  H 2 ,  N 2 ,  and inert gases. Th2 specific 

thrusts vary appreciably with each gas and the augmentation heater 

power. In resistojets, a gas is heated to enhance its specific 

thrust, before cxiting from the nozzle. These thrusters are capable 

of large flow arid electrical power throttling. By adjusting 

electrical power to the heater element, maximum eificiency is 

achieved when gas pressure is less than optimal. Thermal 

efficiencies are typically around 92%, and are designed around total 

reusability over a 15  year lifetime rather than max performance. 

Operating lifetimes of 10,000 hours have been achieved with 

platinum-sheathed heaters coaxially centered within the insulator. 

Maximum power usage per thruster runs at 1 kw, and corresponds to a 

maximum temperature af 2500 F. 

In other aspects, this combination of systems provides many 

advantages. Through system monitoring and fault detection, the 

operating conditions can be varied accordingly to provide maximum 

thrust or prolonged lifetime. Mixture ratios, fuel and coolant 

flows, and temperaturs can be adjusted. Thruster redundancy will 

provide alternate units, and replacement at the lowest level, the 

orbital replacement unit(ORU), simple valve design- ' quick 

disconnects will minimize if not eliminate EVA. sters 

have survived 50,OilO full thermal cycles and over 'ours of 
6-3 

OREGINAIL PAGE IS 
OF POOR QUALITY 



ORIGINAL PAGE I3 
OF POOR QUALITY 

operation. The fu3l is safe to humans, and can be integrated with 

the  Enviromental Control and Life Support Systems(ECLSS), and power 

systems. Waste and other gases can be furr,j.shed to or supplied f r o m  

the ECLSS. These waste gases will provide drag makeup contlnuously, 

and are a free sowxe of propellants, save storage needs, and r-edL;-e 

the SAGE down trailsport requirements. Fuei can a l s o  be electrolyzed 

from waste o r  STS scavenged H20 or from fuel cell overcharge. 

Transfer and resupply are also simplified because no toxic liquids 

and complicated valves or compressors are involved. 

--I__------..--- 6.2.1 SAGE Reaction .-.-- Control System(RCS1 

For the impulse requirements calculated, each Reaction Control 

Module(RCM)will contain 6 100 lbf, 6 25 lbf G02/GH2 thrusters, and 8 

- 2 5  lbf multipurpose resistojet thrustsrs(see figure 6 . 2 . 1 - 2 ) .  The 

G02/GH2 thrusters will be configured for cold and warm gas modes, 

with the thermal conditioning available from the solar dynamics. 

These thrusters wiil have an assumed specific thrust of 550 

lbf-sec/lbm. The r3sistojets are designed for all types of gases, 

b u t  GH2 will be supplied for all thrust needs,  and the resulting 

specific thrust will be 800 lbf-sec/lbm. Each complimentary 

thruster will firs to avoid stresses on the Ttructure and the thrust 

level will be monitored and fuel flow or power level will be 

adjusted according1.y. The RCM will be sslf-contained, and each 

thruster will be easily replaced. Upon on-orbit assembly, the RCM 

will be attached to .the crosspieces in order to provide attitude 

control. The fittings on the crosspieces and rnodulF 'ing area 

will be identical with respect to fuel line interc rhich 

will be quick disconnect types. Each RCM will con in*3 of 
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spherical volume to accommodate waste gas sroduction storage and 

initial fuel loadout during SAGE assembly. fSext to the RCM, 

connections will exist for propulsion packet attachment. The 

propulsion packet for each RCM will provida 512.2 %tA3 of E2 and 

76.5 ft"3 of 02. The temperature will be maintained at 240 K and 

the pressure at 2500 psia, and each will be monitored by gauges. 

Since the RCM wili be at the maximum distance from the core 

module(CM), on the outside of each HAB/LAB module, a robot arm will 

be required to place the fuel carrier. Connections will interface 

with the fuel electrolysis unit, fuel cell:,, ECLSS equipment, 02 

storage in the CI!, and each other RCM. Pressure vessels will be 

designed to leak before rupturing and release of ally other gases 

will be done non-p-opulsively. 

For accurate thruster firings, attitude deterfiination will be made 

by coarse and fine sun and earth horizon seqsors, and GPS receivers 

in each of the modules. 

Atmospheric drag plays a critical in LEO altitude maintenance. 

Factors in the drag force include atmospheric density, orbit 

velocity, surface area, and a drag coefficient. The neutral value 

for density was used to present a worse than average case, and the 

normal and planar a-:eas were averaged out over an orbit. The 

resulting drag force of .0417 lbf meant the orbit would decay at an 

uncompensated rate of -15.7 nm per 180 day period. *---+.e gases will 

maintain this orbit, and it can be allowed to dec: der 

altitude for STS sesupply or to rendezvous with tl 3re being 
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reboosted. Thc impulse required to compensate for this drag is 

6 . 8 ~ 1 0 ~ 5  lbf-sec. When making any attitude adjustments, thrust will 

b e  directed toward increasing orbit energy and altitude 

In years with high solar activity, a 223 nm orbit would consume toc 

much fuel to maintain altitude. It is feasible to increase t h e  

orbit to 275 nrn, decrease fuel requirements, and absorb %he loss in 

STS lift capacity. SAGE will be assembled in year 2007 when solar 

activity is a micimum, at an altitude of 2GO nm, and will be boosted 

and maintained at 223 nm until drag proves unacceptably high or the 

SS average altitude is revised. 

6 . 4  Spin Dynamics 

For normal spin/despin 8 of the 12(appropriately pointed)100 lbf 

thrusters will be used, and all 12 will be usad for emergencies. 

The .25 lbf resistojets per RCM will maintain the sp in  rate at an 

accuracy of +/-.01 rpm, and will be used to start the initial spin 

in order to keep stresses on the structure to a minimum. For normal 

spin/despin the angular acceleration is .00135 rad/sec"2, and .00203 

rad/secn2 for emergdncies. At the maximum rotation rate of 4 . 7  rpm, 

the normal thrust rate would stop the station in 6.06 min, while the 

emergency rate would do this in 4 . 0 4  min. Spin up to the minimum 

rate of 2 rpm would take 2.56 min at the norr,al thrust rate. 

Provision in the f u e l  storage is made for 3 spin/despin cycles at 

the normal rate, -to the maximum of 4 . 7  rpm, and 1 despin from 4 . 7  

rpm at the emergency rate. This sums to a tots1 imp-" nf 

2.04~10~6 lbf-sec over a 180 day period. 
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Initially, SAGE will be despun for berthing, but the Logistics 

rnodule(L0G) alone can be despun while berthirLg with the Orbiter 

Spin and despin is costly in fuel requirements, and after the 

berthing procedure with SAGE ha5 been validated, the Orbiter will 

berth while SACE is spinning. The savings in fuel will be u s e d  fo, 

more frequent rendezvous with the SS for crew transfer. While 

despun, SAGE also loses the Sun-pointing accuracy required for the 

solar dynamics. STS visits last 5.6 days on the average, and this 

would be an additional drain on fuel in order maintain attitude. 

6.5 Attitude Control 

SAGE is a sun-pointing station, that has close tolerances due to the 

solar dynamics used to generate power. Only thrusters and magnetics 

will be used for attitude control since momentum wheels of an 

adequate size would be too constraining. Tne function of the 

attitude system is to keep the angular momentum vector aligned with 

the spin vector, while the spin vector i s  aligned towards the Sun. 

With this system, accuracies of +/- .01 degrees pitch and f/- .1 

degrees yaw are predicted. 

- - ~ -  6.5.1 Gravity Gradient Torque 

A large structure in LEO, with widely separatod masses will have a 

significant gravity gradient torque(GGT). T h i s  precession of the 

spin axis will be muted by the large moment of inertia about the z 

axis, and ultimateiy, will equal zero over an entire . '+--but this 
GGT will be used to help precess the spin ax's the 8. degree 

per day. The magnitude of the average GGT over a q -.bit is 
6-7 
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3 2 . 6  ft-lbf. At the slowest rotation of 2 rFm, this will precess 

the spin axis by ,2826 degrees per quarter. However, o n l y  .0'3439 

OF POOR QUALITY 

degrees is required per orbit, so this adclitional .2182 degrees must 

be canceled by thruster firing. By strategically thrusting in 

quadrants 2 and S, the  desired rotation will be achieved when th' 

eccentric anomaly is 0 degrees--at which time another cycle starts. 

By using the .25 lbf thrusters, during quadrants 2 and 3 ,  maximum 

sun-pointing accuracy is achieved on the sunlit side, and 

fluctuations in the shadow zone are unimportant. The total impulse 

required for this over 180 days i s  1..32x10n6 lbf-sec. 

----- 6.5.2 Mametic ----- Torsue 

To maintain the correct attitwa with respect to pitch in the 

Sun-earth plane, magnetic coils can be used instead of thrusters. 

These coils can also dampen any wobble created by GGT or mass 

unbalances. By aligning 2 magnetic moment vectors towards t h e  

sun(on opposite sic.es of SAGE), and 2 away from the sun, pitch in 

both directions can be controlled. These coils will be located in 

the truss structure connecting t h e  HAB/LAB moclules, and will not 

interfere with the modules, and will not be used during 

communications. Assuming an inclination or zero, the earths B 

vector is .258 gaues perpendicular to the Sun-earth plane, a 85 

degree angle exists between M and B, with 1 kw per coil(4.81 A 

current), an area of 70 ft-2, and 1 . 7 5 ~ 1 0 ~ 5  turns--an 9.62 ft-lbf 

torque can be exerted on SAGE. This would provide fine pointing in 

one axis, and wobble damping. Actually, a 2 8 . 5  der 'nclination 

would provide con+,rol over the yaw axis, but at E *educed 

amount. This is an open option meant to conserve 
6-8 
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Ideally, SAGE is perfectly balanced with respect to the z axis, no 

products of inertia exist. Once a wobble begins, it will dissipatt 

since spin is around the maximum moment of iaertia, but this will 

cause unacceptable pointing, crew comfort, and stresses an the 

structure. For  instance, the movement of the Mobile Service 

Center(MSC1 carrying a loaded node weighing 3628 kg(8,OOO lb), from 

its CM position tc a HAB/LAB module will cause a coning half-angle 

of . 6 0 1  degrees(the MSC on the other crosspioce moves also so only 

the node weight is included). For a movement of 8 180 lb(653 kg 

tota1)crewmembers from the CM to a HAB/LAB nodule, a half-angle of 

.lo16 degrees results. The magnetic coils will help to diminish 

this wobble, but more importantly, mass management must be carefully 

controlled. In th's respect, the MSC's on each crosspiece can be 

moved to balance out a mass shift. They can also be moved in and 

out to decrease wobble once it has started, and would save 

additional fuel or power. 

6 . 5 . 4  Summary 

These systems have been designed to maintain attitude control to 

strict accuracies, with minimum expenditure of fuel. The scenarios 

presented are the worst case possibilities, and the fuel 

requirements have been scaled accordingly. To help in f u e l  

management, the moment of inertia about the x axis i *  "rlO"7 

slug-ft-2, and all thrusting intended to precess th ,tor 

will take advantage of this. 
6-9  
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______- 6.6 NASA Space Station Rendezvous 

Although SS support is a SAGE mission, precise station-keeping on SS 

is not practical bezause S S  periodic reboost does not mesh with %.:E 

continuous drag makeup, different ballistic coefficients would cause 

the stations to drift apart anyway, the station-keeping would riot be 

fuel efficient, and the orbits of the two stations would intersect 

periodically anyway. Defining formation flying as having d i r e c t  

line of sight communications with the S S  provides more latittude in 

orbit maneuvers and becomes more fuel efficient. Even so, the drag 

differential(SS has a greater surface area)nieans the altitude decay 

rates will cause relative nodal regression and phase differences 

between SAGE and %(see figure 6.6-1). For rendezvous, corrections 

must be made in relative altitude, relative true anomaly(orbita1 

phase difference), and relative longitude of the ascending node. If 

the relative longitude of the ascending nodes for two orbits is 

nonzero, the orbits are not coplanar, and ths angle between the 

orbits is the wedge angle. The data in these figures places the SS 

at 370 krn(200 n r n ) Y i t h  a 28.5 degree inclination. 

The total fuel cost to rendezvous(see figure 6.6-3) is a sum of the 

three independant maneuvers(altitude, orbit plane change, and 

phase). For SAGE, wedge angle corrections are impossible due to 

thruster location and spin dynamics. A comb'.nation of phase and 

altitude change can be used to allow the different nodal regression 

rates to null the wedge angle. Phase corrections ov- -7rease up 

to 180 degrees, and the maximum difference in rela udes 

between SAGE and SS would be 23 nm. When SAGE flit SS, the 
6-10 
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relative longitctde of the ascending node of SAGE increases, and 

conversely when SAGE is below SS(see figure 6.6-2). An inexpensive 

altitude maneuver can put SAGE at the correct altitude above or 

below the SS in order to correct differences in the longitude of the 

ascending node. ‘“his time of execution, and magnitude of -:he burl. 

can be determined so the wedge angle between the orbit planes is 

zero, at a point in the future. As the SS cycles up and down, the 

accumulated differences will nearly cancel;however, nodal regression 

rates are not linear with altitude. 

Precise formation flying strategies can not be defined, but a 

general goal is a separation distance of less than 2000 krn in order 

to maintain LOS comnlunications. Since 2000 lbm of fuel(28X of the 

total mass)would only produce a delta V of 28.6 m/s, t h e  phase angle 

difference must he kept below 30 degrees in order to rendezvous 

within one day(sae figure 6.6-3). In a real emergency, the 

remaining fuel on koard SAGE can be burned for a rendezvous, and 

fuel can be produced from hydrolysis until the orbiter arrives to 

evacuate the SS, whi’e replenishing SAGE. 

- 6 . 6 . 1  Collision Avoidance 

In case of possible collision f rom debris, or trackable meteoroids, 

SAGE will execute collision avoidance maaeuvers. If warned 

sufficiently in advance, this can be a low thrust, prolonged burn. 

Otherwise, rendezvous or despin fuel would be allotted. As always, 

the maneuver will serve to raise the altitude of SAV- 20 nm 

orbit change requiyes a delta V of 200 m/s. 

6-11 
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All the estimates for 180 day impulses assumed the worst. No 

additional contingencies were included. No provision was m;de for 

using waste gas or electrolysis--these are variable supplies. E C L f S  

resupply is minimized when enough H20 is supplied s o  that 0 2  needed 

for metabolism and cabin leakage is generated by C02 and H20 

reduction. Through this process, some C02 and CH4 w i l l  be available 

for waste gas. An sight man crew will produce an estimated 8 . 2  lbm 

of C02 and 4 . 1  lbrn of CH4 per day. For H20 electrolysis, 2 . 2 2 7  

kw-hrs/lbm of pcwer are required(see figure 6 . 7 - 1 ) .  Typically, the 

orbiter can dump 1323 lbm of excess H20 before de-orbiting. Through 

electrolysis, this would provide a major portion of the required 

resupply. 

6 . 7 . 1  P r o p l l a n t  ---------- Storags 

The total impulse 1-equired for 180 days in orbit is 6 . 8 ~ 1 0 ~ 5  lbf-sec 

for the 800 sec Isp resistojets, and 3.35x10*6 lbf-sec for the 550 

sec Isp G02/GH2 thrusters. The G02/GH2 thrusters used 6 0 9 1  lbm of a 

4 : l  ratio of 02:H2. The resistojets required 859 lbm of H2. Using a 

gas temperature of 240 K, and a pressure of 2500 psia, the total 

volume of fuel required was 2355 ftA3. This volume of fuel will be 

supplied by four Frcpulsion Packets(PP) which the orbiter can easily 

carry. The fuel liries for the H2 will be outside the SAGE pressure 

shell, while the 02 system will be integrated with the ECLSS for an 

emergency storage. Tne 02  tanks would be manufac-burr . ---m an 

Inconel liner with a graphite/epoxy overwrap, whilf 

would be 6061-T6 aluminum with the graphite epoxy o 
6-12 
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6 . 7 . 2  Propellant ---I--- Resupply 

Propellant Pallets(PP) can adequately carry the maximum amount of 

resupply propellant in STS. Each carrier would weigh 2503 1bm ar.J 

would be placed above the RCM by the MSC, requiring no EVA. A l s o ,  a 

port on the LOG module would allow 02 transfer to the internal ECLSS 

storage in the CM. If one propellant carrier was not completely 

empty, its contents would be pumped to another one so only empty PP 

were returned on the STS. 

tank would monitar usage. Again, the hoses will be quick 

disconnects, ana the pressure vessels will leak before bursting. 

Each propellant carrier will have a meteoroid shield, and will be 

individual to SAGE--but reusable. The high temperature containers 

will be inspected when brought to earth and returned if found to be 

safe. 

Pressure and temperature gauges in each 

-------- 6.8 Final Summary 

The SAGE propulsion s y s t e m  m e e t s  t h e  drivers for propulsion 

component requirements, and the demands of the attitude control. 

The estimated time of orbit integration is 2007 since this will be a 

period of low solar activity, and the NASA Space Station will be 

past the certification stage, and nearing the growth stages. 

Thruster technology will have advanced where these higher assumed 

specific thrusts and component lifetimes will be common. Since fuel 

resupply accounts for an estimated 43% of the SS e- 'mal cost, 

SAGE will be a much more efficient station. Altk a first 

step, advanced propulsion systems will eventually -ng 
6-13 
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7 0 THERMAL CONTROL 

T h e  o b j e r z t i v e  of  t h e  t h e r m a l  c o n t r o l  d e s i g n  is t o  

m a i n t a i n  t h e  tt.e t e m p e r a t u r e  of t h e  SAGE s t r u c t u r e  and its 

i n t e r n a l  componen t s  w i t h i n  t h e i r  o p e r a t i n q  l i m i t s .  T o  

a c c o m p l i s h  t h i s ,  i t  is n e c e s s a r y  t o  col lect ,  t r a n s p o r & - ,  arid 

reject w a s t e  h e a t .  P a s s i v e  t e c h n i q u e s  a r e  u s e d  whereve r  

p o s s i b l e :  howaver ,  an a c t i v e  t h e r m a l  c o n t r o l  s y s t e m  is 

n e c e s s a r y  t o  a c c o m i d a t e  w a s t e  h e a t - f r o m  o n b o a r d  s y s t e m s  a n d  

e n v i r o n m e n t a l  smrces. Sources o f  h e a t  t o  b e  removed 

i n c l u d e  d i r e c t  sofar  e n e r g y ,  E a r t h  r e f l e c t e d  so la r  e n e r q y ,  

E a r t h  t h e r m a l  e n e r g y ,  and  i n t e r n a l  t h e r m a l  loads. 

7.1 PASSIVE THERMAL CUNTRUL 

Passive t E z h n i q u e s  for t h e r m a l  c o n t r o l  are 

w h i t e l b l a c k  p a i n t i n g  scheme a n d  t h e r m a l  i i i s u l a t o r s .  The 

solar  p o i n t i n g  s i d e  of  SAGE is p a i n t e d  w i t h  a w h i t e  p a i n t  

with a n  a b s o r p t i v i t y  of  0.04 to 0.05, and  p a r t  o f  t h e  d a r k  

side is p a i n t e d  b l a c k  w i t h  a n  e m i s s i v i t y  o-F 0.90 or h i g h e r .  

I n  a d d i t i o n ,  t h e  o u t e r  p o r t i o n  of  t h e  modu les  and  a r m s  are 

c o v e r e d  w i t h  a m u l t i l a y e r  i n s u l a t i o n  c o n s i s t i n g  of 

a p p r o x i m a t e l y  20 l a y e r s  of o r g a n i c a l l y  coated a l u m i n i z e d  

f i l m  w i t h  d a c r o n  mesh s e p a r a t o r s .  The s e p a r a t o r s  a l l o w  f o r  

v e n t i n g  a n d  p r e s s u r e  c h a n g e s  d u e  to l a u n c h .  

7.2 A C T I V E  THERhfiL CONTROL ( A X )  

7-1 



To prov ide a h igh  capaci ty heat r e j e c t i o n  capab i l i t y ,  

SbGE employs ar  a c t i v e  thermal cont ro l  system. The a c t i v e  

system f o r  thermal con t ro l  cons is ts  of a two-phase ammonia 

loop t o  ca r ry  waste heat t o  the  dark s ide  f o r  re jec t i on .  

T h e  ATC system i s  cent ra l i zed  i n  the  cen t ra l  hub, and four 

thermal con t ro l  loops r a d i a t e  down each arm and through 

each module. These 100p5 consis t  o f  two low temperature 

and two moderate temperature systems t o  accomidate h igh and 

moderate temperature heat sources. by prov id ing  t w o  each 

o f  the low and moderate loops, SAGE achieves redundancy f o r  

each module/arm section. I n  addi t ion,  the  moderate 

temperature loops have the  c a p a b i l i t y  to be manually 

converted t o  I c w  temperature loops t o  accomidate the  safe- 

haven requirement. 

The ATC system ha5 the  c a p a b i l i t y  t u  d i ss ipa te  100 kW 

of thermal energy. T h i s  a l lows fo r  the  energy balance 

shown i n  sect ion 7.3 and any loads generated by 

experimentation on SAGE. 

The cen t ra l  hub contains the  inner workings of  the 

ATC system. These inc lude the  accumulator, Non-Condensible 

Gas (NCG) Trap, pump, regenerator, and con t ro l  bu5. 

Ammonia near i t s  sa tura t ion  temperature leaves the  centra l  

hub and t r a v e l s  down the sun po in t i ng  s ide  o f  the  a r m s  

c o l l e c t i n g  heat f r o m  the arms and so la r  panels. It then 

enters the m o d u l e s  and c o l l e c t s  heat f r o m  the  onboard 

systems. Superheated ammonia is re turned on t l  

7-2 
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of  SAGE where  h e a t  is r e j e c t e d  t h r o u g h  c o n d e n s i n g  h e a t  

e x c h a n g e r s .  

I n  t h e  a c c u m u l a t o r  ammonia is c o l l e c t e d  a n d  

m a i n t a i n e d  a t  its t e m p e r a t u r e  s e t p o i n t .  T h i s  is 

a c c o m p l i s h e d  u s i n g  a n  e l e c t r o m e c h a n i c a l  m o t o r .  Ammonia I r i  

t h e  a c c u m u l a t g r  is p l a c e d  u n d e r  p r e s s u r e  by  t h e  m o t o r  d h i c h  

m a i n t a i n s  t h e  t e m p e r a t u r e  w i t h i n  so of  the s e t p o i n t .  

The NCG t r a p  is r e s p o n s i b l e  for r emov ing  a n y  g a s  

b u b b l e s  i n  t h e  s u b c o o l e d  l i q u i d  p r i o r  t o  e n t e r i n g  t h e  pump. 

T h i s  w i l l  preve.Bt a n y  c a v i t a t i o n  i n  t h e  pump or p o s s i b l y  

vapor lack. 

T h e  pump p r o v i d e s  t h e  p o s i t i v e  p r e s s i r r e  d i + f e r e n t i a l  

t o  move t h e  work ing  s u b s t a n c e  t h r o u g h  t h e  l o o p .  I n  

a d d i t i o n  t h e  pump w i l l  s u p p l y  t h e  p r o p e r  p r e s s u r e  f o r  t h e  

o p e r a t i o n  of t h e  t h e r m a l  c y c l e .  

T h e  r e g e n c r a t o r  r e h e a t s  t h e  s u b c o o l e d  l i q u i d  f r o m  t h e  

pump t o  a t e m p e r a t u r e  n e a r  t h e  s a t u r a t i o n  t e m p e r a t u r e .  

T h i s  is a c c o m p l i s h e d  by a h e a t  e x c h a n g e  w i t h  v a p o r  f l o w i n g  

t o  t h e  c o n d e n s i n g  h e a t  e x c h a n g e r .  A t e m p e r a t u r e  m o n i t o r  is 

p r o v i d e d  t o  p r e v e n t  t h e  l i q u i d  f r o m  b e i n g  h e a t e d  too much. 

I n  t h i s  e v e n t  f l a s h i n g  becomes a problem.  

I n  t h e  c o n ? r o l  b u s ,  t h e  w o r k i n g  s u b s t a n c e  is 

d e s i g n a t e d  and  s c p p l i e d  t o  e a c h  l o o p .  The c o n t r o l  b u s  

c o n t r o l s  t h e  f l o w  ra te  i n t o  e a c h  module/arm s e c t i o n  

a l l o w i n g  for h i g h  load areas. 

7.3 EXPECTED LOQDS ON THERM4L CONTROL SYSTEM 
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While  i r k  o r b i t  SAGE w i i l  e n c o u n t e r  heat i n p u t s  f r o m  

t h e  icrrllowing ~ ; o u r c e s ,  d i r e c t  solar r a d i a t i o n ,  Earth  

t ef l e c t e d  solar r a c l i a t i u n ,  Earth  thermal radiatinn, and 

~ n t e r n a l  thermal 5 0 u r c e ~ .  S i n c e  SAGE ia solar p o i r ~ t i n q ,  

o n l y  the module e n d s  and t h e  l e n g t h  o f  this a r m s  w i l l  b e  

s u b j e c t  t o  solar r a d i a t i o n ,  however, a larger area m u s t  b e  

taken i n t o  a c c o u n t  f o r  t h e  Earth  thermal and reflected 

r a d i a t i o n .  C o n s i d e r i n g  the area r e l a t i o n s h i p s  and t h e  

p r o p e r t i e s  of the o u t e r  coatings, SAGE w i l l  e n c o u n t e r  t h e  

f 01 1 owing thermal 1 odds: 

PARAMETER THERMGL LOAD (kW) 
D I SECT SO!-AR RAD1 A T  I ON 15.2 

EARTH REFLECTED SOLAK RADIATION 6.1 
EARTH THERMAL HFIDIATION 3.5 

I N T E R N A L  THERMAL LOAD 55.0 

TOTAL 
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As previously mentioned, SAGE is composed of modules 

designed tu rit into the Space Shuttle cargo bay. 

However it iE not intended that each module be 

completely finished when it is launched into orbit. Due 

to the fragile and mobile nature of some of the 

equipment included on the SAGE station, it will be 

launched last in a seperate launch launch designed to 

make accomodations for for the unique and special 

features of certain pieces of equipment that could not 

be protected from the launch environment properly if 

launched within a module. The crosspieces of the station 

will be made in two sections with a diameter ot seventy 

two inches and a length of 4 4  feet with connectors. It 

will probably be possible to get three of these sections 

into the Shuttle cargo bay at one time, making it 

possible to launch only three times in order to get all 

of the crosspiece sections into orbit. It is planned 

that the module launches be seperated by launches of 

crosspieces in order to develop a habitable 

configuration as soon as possible. The solar cell arrays 

and the reflector sections of the solar dynamic arrays 

are to be constructed in a prefabricated, compactable 

form so that they may be stowed and secured inside the 

upgoing modules for launch. The construction - 1 

to take place over nine launches as described 
8-- :L 
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L A U N C L #  SECTION( S 1 LAUNCHED ~ CAPABILITY 

1 Central hub- Solar panels None 

2 2 Crosspiece sections/ Limited power 

Solar dynamic boilers 

3 3 Crosspiece section-s 

4 C r e w  work module 

5 Medical module 

6 3 Crosspiece sections 

'7 Habitation module  A 

Habitation module C 

Detail package 

Habitablelpower 

Limited 3 axis 

stabilization 

All modules man 

rat, e d 

COMPLETION 

The launching schedule will be adjusted as construction 

progresses to allow astronauts assembling the station the right 

amount of time to complete work on one section before another 

launch goes up.  The entire construction time is expected to 

take approximately as little as eighteen months because of the 

requirement that the parts o f  the station be built in a manner 

that will allow ease of construction. 
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9.1 PRELIMINARY DISCUSSION 

The preliminary module layout to be described in this 

section is not meant to be a series of working drawings, the 

space allocation charts and spatial diagrams contained herein 

are meant only to illustrate the feasibility of the S A G E  

concept and to provide the reader of this technical report 

with the basic knowledge of the internal arrangement of S A G E .  

It may appear, at first glance, that there is a large amount 

of unaccount2d for space in the station. This appearance is 

due to the fact that only items of major importance and 

necessary equipment are assigned to both the chart and the 

diagrams. The remaining space not used as free space will 

certainly be filled with piping, wiring, venting, and access 

openings. Ail figures contained in the charts and diagrams 

are estimates which, although rough, give assurance that 

there exists tnough room on board S A G E  to accomodate all 

equipment and facilities necessary to meet the mission 

criteria as  well as to provide the desired comforts with a 

substantial degree of backup and safety features. 

9.2 BASIC MODULE DESIGN 

Figure 9 . 1 - 1  is d design for the basic interior structure 

common to all modules of SAGE. The crawl space is designed to 

allow machinery access underneath the mc3ule floor and along 

the length of the module. The overhead space will have 

different uses in different modules as will k bed 
9-1 
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later. A six foot diameter circle is sketched in on all 

module floor plans (Figures 9.1-1 to 9.1-4) and may actually 

be painted in red on the module floor after construction. 

This is due to the danger involved in radial transit and will 

serve to remind crew members not to place any objects under 

the ladders extending from the crosspieces into the modules 

because of the potential harm that could come to anyc.ie 

descending into the module. Below is a chart describing the 

elements whiLh are to be included in all modules as well as 

the basic volume divisions of the space in each module and 

the volume requirements of some miscalleaneous items which 

are to be included on board SAGE. 

Items included in all modules 

Item Volume (cubic feet) 

Commode 28.40 

Water recovery and management system 109.13 

Fire detection and suppression system 2.75 

Atmospheric control and supply 155.71 

Temperature an1 humidity control 101.79 

Atmospheric revitalization 254.02 

TOTAL 680.20 

OReGfNAL PAGE IS 
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Items specific to certain moUules 

Laundry (washer and dryer) 

Shower 

Handwasher(zer0 g capable) 

GALLEY ITEMS: 

Oven 

Inventory unit 

Refrigerator 

Freezer 

Water dispenser 

Hand washer 

Dishwasher 

GALLEY TOTAL 

ORIGfNAL PAGE IS 
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7 0 . 0 0  

7 4 . 0 0  

8 . 3 0  

4 . 7 0  

4 . 7 0  

3 5 . 4 0  

3 5 . 4 0  

4 . 7 0  

8 . 3 0  

4 . 7 0  

9 7 . 9 0  

Medical undetermined 

Volumes contained in modules (in cubic feet1 

FOR THE BASIC MODULE: 

Overhead 1 2 6 3 . 7 0  

Between decks (overhead to deck) 4 0 4 7 . 9 8  

Crawlspace 2 7 3 . 4 4  

Below deck 9 9 0 . 2 6  

TOTAL VOLUME 6 5 7 5 . 3 8  

9-3 
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It appears from the tables above that there is a lot of 

extra space on board S A G E .  This is not the case. Not includod 

in the above charts are the requirements for piping, ventinq, 

wiring, and storage space. What is ipdicated by the charts 

above is that enough space is available on board S A G E  to 

accomodate all necessary equipment. 

9 . 3  MODULE LAYOUT 

Modules A and C (Figure 9 . 1 - 2 )  are the crew habitation 

modules. Each of these modules contains personal quarters for 

four crew memDers with 5 4  square feet of floor space in each 

individual’s quarters. There are two showers and toilets in 

each of these modules, with one of the toilets in each module 

designed to operate in zero g in case 3f planned or 

accidental 6c-spin. There is a large open area in the center 

of the module to serve as a crew lounqe area. There will be 

computer terminals in each crew member’s quarters to allow 

for work in quarters. System monitoring consoles will be 

mounted in the overhead to allow easy observation of the S A G E  

systems status. A l a r m s  will alert the o2cupants of the 

habitation modules should an emergency occur or should a 

system need immediate attention. 

Module B (Figure 9 . 1 - 3 )  is the crew work module and galley. 

The galley is designed after the planned galley on Space 

Station and contains all of the equipment listed in the 

tables above. There is a large open area for t ‘0 dine 
?-4 
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in which may alternately be used as a work or recreation 

space when it’s primary purpose is not being fulfilled. The on 

board computer system is contained in this module along with 

control consoles for other systems. The consoles contain 

controls frJr the systems listed on the diagram. Because the 

solar dynamic arrays are located on the sun pointing ends of 

both modules B and D, the system controls are locatei 

directly adjacent to the arrays on the inside of these 

modules. 

Module D (Figure 9 . 1 - 4 )  is the medical and primary control 

module. The medical portion of the module contains equipment 

which is described later in section 1 0 .  This module houses 

the main ECLSS system controls for SAGE along with the 

primary spin and de-spin control system. Emergency systems 

controls and secondary docking system controls are also 

located here. The primary docking controls are located in the 

central hub module. The arrangement of controls for the solar 

dynamic array is the same as in module B .  

Simply because a system’s controls are located in a 

particular module does not mean that the entire system is 

contained in that module. SAGE is designed to prevent single 

point failures which could lead to catastrophic loss of the 

station and invrease the chances of crew survival should a 

failure occur. 
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Figure 9.1-4 
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The entire purpose of the SAGE stat,ion is t,o serve 

as an experimentation ground for future space m i s s i o n s  

to establish long term inhabitation of space. The capaoility 01' 

the SAGE station is in itself an experiment. Probably the tirst 

experimental data collected on board SAGE will be i! graduated 

increase in gravity level over a long period ot time. 

Measurements will be made to determine the medical effects of 

these very low levels of gravity on the crew of the station. 

For the purpose of having a data base to compare 

against, the initial SAGE crew will probably be composed 

of astronauts w\o have been living in weightlessness for 

a length ot time. A5 the level of gravity is increased 

it. will probably be of scientific benefit to keep a t e w  

members ot the original crew on board as a control group 

while new crew members, from both Earth and a weightless 

environment, are exchanged with the experimental group 

already on board. In this way it will be possible to 

construct a set OT curves describing the gravity 

necessary to prevent the deleterious effects of 

weightlessness as a tunction of time to be spent in 

space. As SAGE continues in it's mission it is likely 

that. the data profiles will be extended to include other 

variables such as age, present health, level of physical 

fitness, and sax. 
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Studies will also he conducted on SAGE to determine 

t,he extent of disorientation caused by higher RPM levels 

a n d  the actual information will be able to be collected 

3 s  opposed to using studies conducted in centrifuges 0.1 

Earth. This data will also be characterized by a numbjr- 

of parameters and will be very valuable if future space 

colonies are to be built with artificial gravity 

A s i d e  from the medical data which can he aquired on 

SAtiE, inlormation pertinent to o t h e r  areas wI11 i3lsu l ) t t  

uncovered. One area of particular interest f o r  t h o s e  

interested in future space efforts will be in variable g 

manutacturing. Already planned for space station are a 

number of experiments centering around manukacturing in 

space. While this data is collected at Space Station, 

d a t a  will be cmducted on board SAGE to help develop new 

manufacturing technologies for use at different gravity 

levels. hecause gravity has an effect on many 

manufacturing processes, including density variations 

and the w a y  t h a t  different products 01 reactions k o r m ,  

it will be important to discover exactly what the 

benetits arid problems of manufacturing at difterenL 

gravity levels are. This information will certainly be 

I J S U ~ U ~  iz w e  ever decide to set up manufacturing 

st,at.ions on the surface of the Moon or Mars in the 

course of exploring the solar system. New manutacturing 

technologies may develop which will allow prodl- c 3  be 

made in space with more desirable qualities f 
1 (-1 - :I 



I n  addition to the above specifically mentioried 

types ot experiments there will be plenty ot opportunity 

t o r  the crew members of GAGE to monitGr other 

experiments yet to be thought ot as a part ot their 

daily duties. As scientists themselves, the ast,ronF.uts 

on board SAGE may have the opportunity to observe their 

own experiments and develop new ideas that may help 

uncover better or sater  ways of exploring space. The 

opportunity to conduct experiments in so many areas 

under conditions never before variable will surely prove 

t,o be one of the greatest opportunities f o r  discovery 

yet arid will rAo doubt drive scientists and engineers to 

use the opportunity of SAGE to it's full advantage. 
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The SAGE mission of providing 

SAGE 

an artificial gravity 
environment to be operated as an adjunct to Space Station is c7 

necessary component of any long term commitment to the 
maintenance of a manned Space Station by the United States. The 
adverse physiological eff ects of prolonged astronaut subjection to 
zero gravity are well documented and quite debilitating, 
especially upon return to Earth. The 5enefits of S A G E  include 
increased crew productivity, increased comfort, decreased 
physiological side-effects, decreased crew replacument frequency, 
the ability ta vary the gravity level from 0 to 0.69, and t h e  
capacity to gather medical data on the physiological effects of 
varying gravlty levels. The importance of these factors cannot be 
overstated a5 the rotation of eight-man crews between Space 
Station and SAGE will provide vastly increased maximum safe flight 
times for astronauts. This longevity would provide continuity and 
would thoroughly demonstrate and fulfill our commitment to a 
permanent manned U.S. presence in space. 

11.1 Launches 

The SAGE system was limited in several ways when its design 
was first conceptualized. One of the limits was the desired 
maximum number of STS launches to lift the entire system into 
orbit. This maximum was s& at 30% of the number of launches 
required to 1'.ft Space Station. Figure 10.1-1 shows the breakdown 
a+ the launches, resulting in a total of nine launches to 
establish the IOC. Space Station has been fluctuating 50 much in 
its size, cost, and capability that a precise comparisun of launch 
percentages is quite impossible. However, considering the possible 
Space Station design, which includes five modules, four solar 
dynamics arrays, a hangar, very large keel, thermal radiators, and 
robotic arms, it is highly likely that Space Station will require 
at least 20 launches for its IOC. This places SFIGE at less than 
45% of the number of launches required by Space Station. This is 
o b v i o u s l y  over 30%, but lifecycle launches will be reduced 50 

significantly by decreased resupply and crew replacement missions 
that we feel t%e launch number overrun will be made up over the 
lifetime of SFIGE. It must also be recognized that S A G E  will help 
reduce Space Station's expected lifecycle crew replacement launches 
by providing the crew with the benefits of rotation to SFSGE, while 
permitting them to continue performing worthwhile tasks. 
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SAGE 

The SAGE mission of providing an artificial gravlty 
environment to be operated as an adjunct to Space Station 1 5  a 
necessary component of any long term commitment to the 
maintenance of a manned Space Station by the United States. The 
adverse physiological effects of prolonged astronaut subjection to 
z e r o  gravity are well documented and quite debilitating, 
especially upon return to Earth. The 5enefits of SAGC include 
increased crew productivity, increased comfort, decreased 
physiological side-effects, decreased crew replacanent frequency, 
the ability to vary the gravity level from 0 to 0.69, and the 
capacity to gather medical data on the physiological effects o f  
varying gravity levels. The importance of these factors cannot be 
overstated a5 the rotation of eight-man crews between Space 
Station and SAGE will provide vastly increased maximum safe flight 
times for astronauts. This longevity would provide continuity and 
would thoroughly demonstrate and fulfill our commitment to a 
permanent manned U . S .  presence in space. 

11.1 Launches 

The SAGE system was limited in several ways when its design 
was first conceptualized. One of the limits was the desired 
maximum number of STS launches to lift the entire system into 
orbit. This maximum was set at 30% of the number of launches 
required to 1:ft Space Station. Figure 10.1-1 show5 the breakdown 
of the launches, resulting in a total of nine launches to 
establish the IOC. Space Station has been fluctuating so much in 
its size, cost, and capability that a precise comparison of launch 
percentages is quite impossible. However, considering the possible 
Space Station design, which includes five modules, four solar 
dynamics arrays, a hangar, very large k e e l ,  thermal radiators, and 
robotic arms, it is highly likely that Space Station will require 
at least 20 launches for its IOC. This places SAGE at less than 
45% of the number of launches required by Space Station. This is 
obviously Over 30%, but lifecycle launches will be reduced 50 

significantly by decreased resupply and c r e w  replacement missions 
that we feel t5e  launch number overrun will be made up over the 
lifetime o f  SAGE. It must also be recognized that SAGE will h e l p  
reduce Space Station's expected lifecycle crew replacement 1al;nches 
by providing the crew with the benefits of rotation to SAGE, while 
permitting them to continue performing worthwhile tasks. 
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Another limitation placed upon SAGE during its conceptual 
design was the desired maximum cost, which was set at 20% of  Space 
Station cost. Flgain, the fluctuations in the cost, size, and 
capability of Space Station greatly impair any precise effort to 
compare the cost percentage. Figure 13.2-1 shows the projected 
cost of SAGE in decidedly approximate estimates based on the 
varying degrees of precision with which we could specify the 
systems and find cost estimates for them. Space StaLion ha5 
fluctuated from 9.14 billion to 818 billion, and beck down to 012 
billion. These fluctuations have all taken place during the design 
of this project and it is difficult to say which to use. However, 
the primary cost adjustment period occurred at the beginning of  the 
phase of design when we were designing the m a j o r  systems and 
finalizing the structural design. This time frame was also the 
period in which Space Station cost was projected at $18 billion. 
This makes the SAGE IOC cost limit $3.6 billion. SAGE is not an 
inexpensive design. Components like tt-,e S570 million power system 
make meeting the 20% goal for IOC cost difficult. 

Once again, however, we feel that the lifecycle benefits of 
decreased resupply and crew replacement frequency will introduce 
savings o i  such proportions as to make up any IOC cost overruns. 
In addition, advanced technologies will make great savings likely. 
The power syszem is a strong example of such savings. The life- 
cycle costs for the pow& system, for a 30 year lifetime, are 
projected at $1.14 billion which is a 57% savings over the $2.64 
billion that would be required for an all photovoltaic system. 
Space Shuttle launches presently cost about 280 million; so one can 
see that one resupply launch every 180 days will result in a cost 
of only 8160 million per year for launches, whereas any shorter 
resupply time or any less physiological maintenance effort would 
result in an increased number of launches, and an increased number 
of astronauts to be paid, trained, and conditioned to life in 
space. Furthermore, the closed loop life-support systems not only 
decrease costs through decreasing resupply launches: they also 
reduce t h e  rec-uired quantities per m a n  per day of fresh supplies 
to be brought in those resupply launches. 
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11.3 Feasibility 

The necessity of having any space station is fiercel;/ argutd  
in political circles. That same arguing has resulted in much of 
the fluctuation in the Space Station design. The pri.iary reason 
for this is that, as the economy of the United States continues 
to suffer from fierce competition from imports, the increasingly 
unfavorable balance of trade, the declining strength of the dollar 
and a sickly stock market, the people of the United S t a t e s  and 
their elected representatives in government are reluctant to 
appropriate funds for programs which do nat promise short-term, 
tangible benefits to the constituency. Short-siqntedness has 
nearly alwa*,s been the one facet of  Congress that has 
troubled the space program, making the funding of any ambitious 
NASFI program almost as difficult an accomplishment as the program 
itself. 

of reasonable proportions. Firstly, there is an extremely high 
rate of technology return to society as evidenced by space program 
spin-offs like car vacuums, space blbnkets, tinted windows and 
thousands of other products. It is certainly arguable that the 
profits and paid wages of the companies which produce such items 
exceed the investments made in NCISA, which made possible the 
existence of such companies. Secondly, there is a great amount of 
scientific data which can be collected from space which cannot be 
b e  collected on Earth. This scientific data makes possible weather 
prediction, navigation, and thousands of industrial applications 
like oil surveying and fish finding. Thirdly, and very importantly 
for the justification of SAGE is the strategic advantage of both 
being in space and maintaining a technological advantage over 
potential adversaries. The final analysis of the cost of SFIGE and 
any important space program is that maney appropriated for space 
is not money spent, but money invested in the economic and 
strategic future of this country. SAGE is a timely investment in 
very real terms: it is not merely an academic exercise; but a 
realistic proposal to secure the United States' manned place in 
low earth orkit and to do 50 with capabilities and longevity 
w h i c h  assure the p e r m a n e n c e  of m a n ' s  m o v e  to space. 

Their are three major justifications for any space program 

11-6 


